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WJTAUT CHOLBSA KOLOtOXHr AS AH ADJTWNIT 

^?^,f.■ ^d of ♦• >"■ Tnvcnfcion. 

Tbio laventloa relatafl to tbe uae of an 
iaamiogaaia mub^it cholera holotoxin having reduced 
fcoxioity ooa^parod to a wiXd-type oboleta to«ia and a 
B^etitution other tha,. aepartlc acid for tho glvtaaic 
acid at poBltion 29 of the A evbunit of the cholera 
holotoxin as an adjuvant to enhance the i«mune reeponae 
in a vertebrate hoat to a selected antigen. 

of the Inventiaa 

The inntmne aysteia uaee a variety of 
nBchaniBaifl for attaclOng pathogena. However, not all 
of these aechaniaaa are naoessarlly activated after 
j«amniaation. Protective iamunity induced by 
laauniaation la dependent en the capacity of the 
vaccine to elloit the appropriate imnune reaponae to 
reaiat or eliwiaate the pathogen. Copending en the 
pathogen, thia aay require a eell-aedtated and/or 
humoral ionuae respenae. 

A flubstanee that enhances the ianmaie reapoaae 
«hen ad«ini«terad together with an ia»unogen or antigen 

is Itnown as an adjuvant. 

The oram-negatlve bacterium Vibrio cbolerae 
(V eholerae) is the oaijaativo agent of the 
gaatrointeatinal dieeaae oholera. The diarrhea cauaed 
by V. eholerae ie due to the aeeretion of cholera twtlu 

CT ooBpriaea a aingle A aubunit (M-A) , which 
IB reoponaible for the ea«y«Btio activity of the toxin, 
and five identiaal B eubunite (CT-B) . which are 
involved in the binding of the toxin to iateatlnal 
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^.t^uax oeXl.. aa well «» ct... """J^^^^^^^^ 
gLgiioBlde on Uxeir surface. T-geth«, theC, 

of CT has bo«n dasoribed (Bmiography entry X) • 

CT a Ifl lie«hetero».firic oonjiXex floaaistlnff of 
one A poXypepfcide and tiye identical B poXwoptldea 
?he^ penta«e. is reared for binding to the 
celX -urtace receptor sangXioaide <^ 
aub«nit can be proteolyticaXXy cXeaved within ^ 
, «ingxe diauXf ide-linlced Xoop between CXB7 and CIS ^ to 

; Jnce the en.y»atically active Al poXypeptide K) and 
^K. »naXler polypeptide A2, whioh Xinke frag-ienb Ai to 

r upon entry into enterocytea, cr-Al 

*i,P-riboayXatea a regulatory 0-p.otein (Oaa) . which 
, Wa to conetitutive activation of adenylate c^aae. 

i„creaaed intracelXular concentration of c^. and 
Tecr-tion of fluid and eXectroXytaa into the lu«n of 
the ««alX intestine (S) . 1» vitxo. ^^'-^'^ 
transferase activity of « is stimulated by the 
presence of aooes-ory proteins caXXed A»a (7) , H«all 
' rpTnding Proteins ^ to be involved in vesicle 
trafficking within the eutoryotic cell. 

The need for affective iamuniaation • 
procedures i- particularly .cut. with '««P«^^» 
.5 Infectious organisnvs which cause acute infections at. 
or gain entrance to the body through, the 
gastrointcstiaal. pul»onsry. naaopharyngeji or 
genitourinary surfaces. «xesa -reap are bathed in 

LcuB, wj^ch contains ^^'^^^^^.r^'^^^L is 

„ largely o£ eecretcry IgA (8.9,10) . This «tibo^i« 

iel!v^ from large numbers of IgA-prodnci-g Plaa-a 

oelle Which infiltrate the ^-^^'J' "^'^.^ 
Werlvina these wieosal »eBbrenea (11,12) . Ig* 
^iderlying me iu»«nal oorfaoe through 

specifically transported to the xuiwm 
35 the action o£ the secretory ooapouent (13) • 
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However, parenteral tnowniaation regiaeaa are 
usually ioBffeotiva la inducing Bearetory IgK 
reBponaas. Secretory ismnaiity ie awet often aohleved 
througb the direct immmlaation o£ BncPBally-aaflooiated 

5 lyapbold tiBBues. yoUowing their induction at t»6 

muooaal site, the preourBora of IgA-produaing plaana 
cellB «flttrBvaBate and dieaeminate to diverse oucoBal 
tiflSUSB where final dlfferentiaticm to high-rate igA 
syiitheBis occurs C14,15,16). Sxtenaive atudieB have 

10 daronBtratod the Eoaaibility of amooaal ianawxiiatlon to 

ixMlue© this eorown aucoaal immimB Bystem (17) , but with 
rare eacoeptiona the large doseo of antigen required to 
achieve af fecSive lanninias^tlon have made this approach 
Inpraotioal. for purified vacplna antigena. Ammg the 

IS fltrateglefl IbvaBtigated to overcone this problou La the 

une of »iooBal a'djuvantB. It ia kao-n tliat, CT is OM 
of the BOBt potent adjuyanta, and that tha oo- 
adaialatratioB of CT with an unrelated antigen reaulta 
in the induction of concurrent circulating and asicoaal 

ao antibody rcflponaaB to that antigen (18) ?. . «»ua, CT can 

act aa an adjuvant. " , . . . . : ; . 

It would be preferable to upa ae a|i adjuvant 
a form of the CT hclotoxin' that has riedueed, toxicity 00 
as to reduae the «ndeairable syawtoM of diarrhea 

2S cauaed by wild-type CT. "^^r " '^•^ 

identify a Butant CT holotoxin which ia able to enhance 
the ianmine reaponae while re^uciog tha toxicity of the 
CT helobpxin. 

30 '\ [f^yfrrm^^ ns thft Invention 

' '\ Accordingly, it ia an object of thie 
invenfclim -to utiliae a nutant form of the CT holotojcin 
that baa rfiduaed toxicity ooo^ared to a wild- type CT as 
35 an adjuvanti in an aatigaalo ooa^poBitioii to enhance the 
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ixmune rBBpmiBe in a vertebrate hOBt to a oeleotad 
antigaxx £tom a pathogenic bacterium. vir«-, £ung««» or 

parasite- ^. , 

Iheee objecta o£ the invention are achieved 

with a nutant obolera holotoxin featuring a point 
autatien at amino acid 29 o£ the A aiAuait. wherein the 
alutaaic aold residue ie replaaed by an amino aoid 
other than a«partic acid. In a particular «»bodi»aat 
c£ thie invention, the a»ino acid 29 ie hletidine. The 
«utated CT (alec referred to as CT-c«I) is. useful as an 
adjuvant in an antigenic cosa^aition to enhance the 
tenune response in a vertebrate host to a selected 
antigen from a pathogenio bacterium, virus, fungus or 
parasite. The «»tant CT is produced by site-direeted 
15 mutagenesis of the WIA encoding the wlld-typo CT using 
conventional techni.piee. The «>tigenio con^osition may 
further oomprlae a diluent or carrier. 

The invention ie also directed to aetlwda £er 
iaereaaiag the ability of an antigenic co-position 
ao containing a selected antigen from a pathogenic 

baeteriian, virus, fungus or parasite to ellcxt the 
iamune response o£ a vertebrate host by including an 
effective adjuvanting amount of a mutant cholera 
holotoxin. wherein the holotoaln has r«iuced toxicity 
con^ared to a -ild-type CT and the Slutamie acid at 
^dno acid position 29 of the A subunit of the cholera 
holotoxin ±0 replaced by an amino acid other than 
aapartic acid, in particular a hietidine. 

The Iwrontioa further relates to plasmids 
containing isolated and purified Wia sequences 
co>»pri*ing OTA eequences which encode an im-nnogenio 
^tant Cholera holotoxin having a substitution other 
than aepaxtic add for the glutamic acid at position 29 
Of the A subunit of the cholera holotoxin. and wherein 
euoh a wav sequeac- is operatively linked to an 
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»eabiaoBQ indueibla promoeer, as weXl ae to suitable 
hoBt cello traaflfonaad, tranBduced or trana£eoted viith 
Buch plaemida. Vha laBomogeaic awtaat cholera 
holotojEln Is produced by tranaCosmiag. traapduoinfl or 
5 tranofecting a boat oell with a plaamid deacrlbad above 

and culturiag tho host call under oonditioM ^fliich 
pemiC the acpreflBion of aaid reconbinant iamunogenic 
detoxifiad protein by tha boat cell. 

Fiaure I depicta the capacity o* CT-CMSa to 
bind ganglioaide SK,. Saeh CT-cm wag diluted three- 
fold at *n initial concentration of 3 |ig/al end tested 

15 in duplicate. Tbe binding capaoity waa axpreseed aa 

the mean abaorbance at 410 aa for each dilution. 

yigure 3 degictB the reduction in naeal 
ooloniaation ia aean I«g„ ofu per noaa in adoe 
laaminiaed intranaaally (n = 10 per group) with 

ao meningooocoal recombinant pllin (rpllin) «d.th or 

without CT-CBM,„„ adjuvant, or non-iamsunlaed aioo. 
where each group waa then challenged with the 
Honologous meaingocoecal bacterial atrain. 

Figure 3 depiote the reduction in naaal 

25 ooloniaiation in mean Loa„ c£u per nose in mice 

immuniaed intraaasally (n = S per group) with 
meningococcal rpilin with or without cr^cm^ttR 
adjuvant, neningoeoccal claaa 1 outer aenbrane protein 
(Por A> with CT-CRMgara adjuvant, KLB with CT-CIWb„h 

30 adjuvant, or non-inmualsed mice, where each group was 
then challenged with the hoaoLogoua «eningoeoceal 

bacterial strain. 

Figure 4 depiota the reduction in saBol 
aoloniaation in mean to«„ cfu of meningococcal atraln 
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870227 PBT »OBd in nice i««i»«d intranaoaUy (n - 10 
per .group) with «eninsroeoooal rpilio. PorJl £ro« 
Lninsoooocal Btrain B355. PorA f«« m-aingoooccal 
strain 870227. hoat- inactivated n^goooooal Btra« 
5 870227 whole cells or KLH. each adjuvanted with CT- 

CK^„, where each group waB then challenged with a 
heterologous »«nlnBocoooal bacterial atrain (970227) . 

figure 5 depicta the redaotioa in nasal 
colonisation in moen Log„ o£u of meningococcal atrain 
B B70227 per no-e in -ice i»»uni«d «ubcutan-oualy (n = 

10 per group) with PorX from meningococcal -train H3S5 
with CT-CB«,„. or KPL- adjuvant, tm with idSl» 
--jnvant. or heat-inaettvated «eulngococoal atrain 
870227 whole eellB with MPI.'" adjuvant, where each 
5 group wae then eballenged with a heterologous 

aeningocooeal baoterlal etrain (B70227) . 

Figure 6 depiete a first aseay of the 
antigen-dependent cytolytic activity to reBpiratory 
Bvncytial vtruB (RSV) -infiacted target oelle a« the. 
,0 percentage of cell lyaie vereue eMeatort target ratio. 

Figure 7 depieta a ®* 
protection of mouee lung to MV ohallcage by 
l^nunization with F protein pluB adjuvant, where the 
lung viruB titer is laeaBurad as Log„ STO par graa. 

Figure 8 depicts a aecoad aaaay of the 
antigen-dependent cytolytic activity to MV-l*fected 
target cells as the percentage of cell ly«ie veraue 
effector I target ratio. 

Figure 9 depicts a Beoond aaaay o£ the 
,0 protection of -ouse lung to RBV chall«ige by 

i™mi.ation with » protein plus adjuvant, where the 
l«ng virus titer la meaeured aa Log^ PW per gram. 

Figure 10 depiotB rptavlrtta-Bpecific serun 
antibody reeponsefl la BtoB/c mice iaaunised 
35 intranasally with 2/6-VI*s with or without CT-CMJ^.. 
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adjuvant. BALB/c »i« we« i»nn«i«d intrana-ally with 
a/e-vLPB with (>.=4) o. witi«"t («=5) CT-Oa.^ and 
levela o£ rctavirua- specific IgO IFigure lOA) IgM 
(Figure 108) ^nA IflA "^J were -Leaeured. 

s standard daviationa are ahwm. 

' Kiflura U depipt. rotavir»a-ap«ifxc aarum 

antibody reapcnaas i-^red »iae ^^-^^ 

a/6-VI*B. Groupa of BALB/c "i- were i»mnalaad, orally 
(sguara. n=4), intranaaally (diamoad. »=5) ^' J» 

0 • eoTnatlon (intranaaal plua oral, circle, . «ith 
a/6.VLPa plus CT.CWI«,. en weak 0 and 2. 8eru« aa«plea 
«,re oollaotad frc» individual mice each gro^ oa 
w«ek8 alic«», and lavela of aeru« IgO (Figuxe 11*>'^** 
<.iaure IIB, and Ig* (Fig-e llO -re ^^"^^ 

calculated for each group and plotted againat «a-ea 

Figure 12 depicts igGl and igGa* antibody 
Bubolaaaea i» BM.B/C »i«. tfre-oballange aera o£ 
„ Lb/c -loe l»«uniaed orally or IK, with rotavirua 2/6- 
virua-like particlea (VLPa) plua CT-C8M«„. 
to determine igG Bubclaeaea. Standard de^ationa are 

Bhown. . _ . 

Figure 13 depieta rotavirua-apeoa-fie 

„ inteatinal antJi,ody responaeB i« i»brcd BAI-B/o «ioe 

i^nuniaed with 2/6-VLPB. Gro^B of SALB/o »ice were 
i««ux.i.ed With 2/6.VLPB plua aa deacribed for 

Figure 11. end lev«le of xotavirua-epeoif io inteatinal 
igl (Figure 13A) «^ IgO (Figure 13B) were waaured. 
Z ^otavirue-apeciflo inteatinal IflK wea detected in 



Figure 14 dQpictB proteation of 2/6-VtP 
i»«niaed bAI-B/c and CD-I »ice following cliallen^ with 
rotavirus Figure 14A depicts a coa-parieon of 
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percent reauotion in shedding ;'»^' ^^"l^''" 

! *«™mi.6d With 2/6-VLPB Witt (n=5) or without 

c£ eaoH group <-) w«e calculated. Figure 14B depicts 
tZTc7J.^/o «Lce «nuad wit. ^/e-V.. pl.. CT- 
by dif£«ept routec ae *«m. and P"^"^^- 
ware datax^cd a- described ^cva 'i^' "° 

-«.4.v,f«i CD-I nice iBBBiunaed witn a/*- 
depictB gtfoupa of outbred co a 

VI.P» plu. CT.CB«..„ orally and intranaeally as 
d.Bcril>«d Hbouc. Oa waek 26, l«»uni"d -nd control 
1. were Challenged and .^S calculated "^-^^^ 
xn the oral grcup 1-4). one »ouac died beEore 
challenge (n=3 for protsetloft) - 

TUQ utility of mutant fonw o£ CT ae 
adjuvants for antigenic oo„«.OBltions ie descrihed 
;i«in. A set o£ -ut«.t CT clones iCT-CPMs) in coll 
generated. The data indicate that the CT-C«M with 
Ze^ior adjuvanting properties is the mutant with a 
:^ronser.a;ive ^ acid substitution (glut«»ic acid 
« hiStidin.) at position « in the A suhun^t {CT- 
CBM^„) . The cuattlative data d«ionstrate that CT- 

is a holotc^ «d is less toxic than wild-type 
CT. Import«.tly. CT.C«„„ ie to augment mucosal 
»ad systemic l»«mne responses following either 
^trlgLtric (10) or intranasal («) **«^^-^'-^ 
Sspa^ate vaccine antigens. These vaccine ^^^-^ 
fr«a either bacterial or viral pathogens. Results ^ 
^ Wne models of Kslloobacter feli-. rotavirus and 
respiratory syncytial virus (HSV) ^''^f'^'^^^'l 
that the immune responses facilitated by intragastric 
or intranasal i»>ainisation with a ct-CM^^-Prepared 
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vaociae ar. protective. The data l^iioate that CI- 
CRK... ie at leaat ae active ac ^ '^'^^^ " ''^^^^^ 
typT CT. Bven in the prcaeaoe o£ pre-exi.titig anti-CX 
i^uixe reaponee*. ie to serve aa a 

auicoaal adjuvant. t,,, 
The mutant CT-A retained ita ability to 
„aanble ^ith CT-B to form a holoto:^ that reaembled 
wild-type CT in its adjuvantioity, but exhibited 
iLc^^toxicity cohered to a wild-type CT. The B 
BUbunitB have their native aecpauci. or may 
themaelveR ho mutated. 

The reaultlas reduced level of toKioity 
p.^idca 3n altered CT for uae aa an adjuvant The 
i^^ganic anitant CT according to the pr.aent 
^Jon e^il^ita a balance of reduced 'toxicity and 
retained adjuvanticity, auch than the prot^ functiona 
i: jTa^auvLt While hal^g tolerated aaf ely hy the 
vertebrate host i— li.ed with the antigenic 

The antigenic co^poaitiona of the preaent 
i^ention modulate the i»a«ne reaponae by ^'^ f^ 
v^tebrate boat' a antibody reaponae and cell -mediated 
i^^ty after admiaiatration of an antigenic 
eompoaition comprising a aelected antigen « 
pll^enic bacterium, virua. or « 

L felve adiuvanting amount of ^-^^^^^f ^^^^ ^ 
CT haa reduced toxicity compared to a wild- type CT and 
the glutamic add at poaiticn 29 of the K aubunit of 
the Cholera holotccin ia replaced by 
Tther th«. aapartic acid. In a particular embodiment 
if thiB invention, the amino acid 29 ia ^^i"^^"" 

AO uaed herein, the term -the holoto^a has 
reduced tonicity- means that the CT-CRM mutant, sunh as 
the CT-CM*«„ -atant. e«hibita a aubatantially lower 
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toxicity per uait of purified toxin protein ooB«,ared to 
the wild-twe «Wc* epablee the R«»t«it to be veed 
aB an adjuv«t in «i antigenic aa«poaitio» vlthottt 
oauBisg oigai«ioaat eide atfeete. 

Kb used hBroin, the term -aff etffcive 
adjuventiog .«ounb- «e«« a doae of the CT-CRM »«teat. 
«uch as the CT.CRMa„B m-tant. which ie eultable to 
elicit an increaaed i—me reaponse in a vertebrate 
boat. The particular doaage will depend upon the age. 
wi^lght and medical coaditiop of the boat, aa well aa on 
the -lethod of adaiiiiatration. Suitable doeee are 
readily doternined by pereoxia akiiled in the art. 

»ivs CT-CSMB were generated aa deacribed in 
Bwle,l,,^elow yith the foUowing aatatioaB in. the * , 



«^4t^« Aei'd' .KativB. 

7 .. arginiQe 
■ 11 arginine • 
29 plutaaici aiji'd 
■; liO glutamic acsid, 
' ■ '112 glutamio aoid 



lyaine 
lysine 
hiatidise 
aapartle acid 
aspartic acid 



CT-CitXniB 
CT'CBKsius 



rrhe pheuptypic electa of theae «utatipna on atructure 
and fihction P£ CT Were then aoBeflflod. 

,th^ variant CT-A'B I17K, E29K, EllOO and K112D 
were ia>le to' aaBe»bie intb iaaunoreactive holotoxln aa 
dnte'raihed by a ^anglioBide GK. binding aaaay (Figure 
However... a portion of purified Kl« did not appear 
30 to' be a holdio^ when tested with the polyclonal 

antibodiee deacribed in Bwle 2- , ^ ,^ . „ , 

aach hbidtoaein variant waB teetad in a TC-i 

n .BMV 1191 to determine ItB realdtial 
adrenal tuaor cell aaaay U»J " ub«* 

toxioity eomparod.to wild-type CT holotbxin. The 
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reaultB praflOAted in Table 2 demoxiotrated that CT- 
CRMsaM oowmeroial CT-B (Sigaa) had i»2% residual 
toxicity. th9 1.2% recldual toxicity aeaociated with 
coxmercial CT-B waa aost lilcely due to contaminAtlBg A 
5 aubunit (approximately 0.5%). The reaidual toxicity of 
the renaini&g CX-CBMs with autationa at amino acid 
poaitioxiB 7, 11, 110, or 112 vere leao than or ecjual to 
0.4%- 

M-CHMa,a« tested in the patent sicuae gut 

10 weight afld&y (20) to estiinate intcGtinal £luid 

acoumolation aa an in vivo meaaurc o£ toxicity. The 
result a prapantad in Table 3 domoxustrated that C7- 
CR«srt,a waa aigaif icaatly Iqbb active in atijosalatlng an 
incffoaae in £luid accwAlation into the inteatinal 

IS tract of mice tlian waa wild-type CT. 

Each CT^CBK waa also coopared to CT in an 
ADP-riboayltraneferaae activity aaaay. The reaulta 
were generally in agreement with thoae generated in the 
y-1 adrexial cell aaaay and suggested that mutation in 

20 the Al subunit :raBulted in dimioiBhed ADP- 

ribOByltronsferaBc activity by the various CT-CSMs when 
compared to wild- type CT (Table 4) . Tbe mutant with 
the largeat enayme activity appeared to be CT-aMmsB' 
This activity was approxittately 1Q% that of wild- type 

25 CT* 

TrypBioizatlon eit 37 o£ CT-CKMsjm caused 
cleavage of CT-A into fragmeutfi Al and A2 in a manner 
indistinguishable from treatment of wild- typo CT baaed 
on ffesttem blot analyaea. This providoB £\irther 
30 evidedco that the atructure of CT-CRHjaii alioilar to 

that o£ wild- type CT. 

' The apparent di££erenaea in activity o£ CT*- 
CRMaaga ^ the V-l adrenal tumor ooll and APP- 
riboayiaticn activity assays are due to trypsin 



23, Aug. 2000 16:01 



No. 50BB I 67 



WO0D/1IM34 PCT/US99/21SM 



12 



activation of the mitant holotoxin in tha latter aseay. 
Thua. the lack of Ct-A aleavage into Al and A2 BubunitB 
dud to the reduced proteaae activity in s. aoli 
contriiutee to tlie attenuation of the B. coli^Bxpzeuaed 
CT-CHBIgaBB- Collectively* the accumulated data ahow 
that CT-CMfera ifl a holotoxin that binde to gaaglioeide 
GMi and is eignifioantly Iobb toxic than wild-typo CT. 

A aericfi o£ atudiaa ^ad conducted to evalxiate 
the efficacy of CT~cm^2sn ^ mueoaal adjuvant for 
coiflpoflitiona coataining bacterial or viral antigens 
tvhich have been identified aa vaccine candidatea ae 
follows: (15 Nontypable Haemophilus iafluenaae (HXBi) 
recombinsnt protein, alao Jmown ae protein (rP4) 
(21), r«o6B*itttot NTHi P« protein {rP6} (22), and 
purified native Haenojohilua influenMe adli^rence and 
penetration (HapJ protain (23}; (2) Hellcobaotflr 
pylori ieioxnbinant Vraaee protein (xtJteaae) (24); (3) 
Hcifl^eria mexU^tiffitidiB Group B recombinant^ claaa 1 
pilin (2S)' and Jfelaaerla ^eainffltidlfl Oroup B olaaa 1 
outer mcnbrane iprotein (26) t (4) Respiratory eyncytial 
virus purified native fusion protein (RSV P) (27); and 
(5) 2/6-virus-lilce particle^ of rotavirus ,(28) . 

: QT-C82^,9 ,waB compared, to f our . otdiar i CT 
Mutants apd wildrtype CT as>an adjuvant Spr the MTKi 
rM and rPfi proteins. The results indicated that the 
five different CT-CRMe augmented the capacity of rP4 
and rPe proteins to elicit syetemie humoral inanme 
re apona'es (taBles ' S and 6 ) . For i exainpl e ^ two weeks 
af ter tjwtias^ iawnunisatioh jthe antil-rP4^1g<> 
anti)>pdy . titers of ?ftice lapimiBed with^rP4i ai^^ 
proteins fp»iuilatBa:«^ br, CT-CBKgixoD 

were V 40 tiiBes tfreater tbat of ; mice laniteiniaed with the 
reoonibinswt: prbteina in PBS alone (Talkie 5) . '- Whe 
antil>ody iitets ofv adainiaterod the ree«binant 
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proteiae plua wild-type CT holotoxln ware elevated 20- 
fold- The witi-rP4 antibody titers ofi aice IsBnimiaed 
with the CT-caCM^ were olevatod 10-£old. 

Even »ore deaaatid diffarencea wore observed 
When the eera were exaffiined for anti-native VS antibody 
titers (Table e) . Two weeto after oecondary IN 
Immuaiaation the aertim anti*native V$ antibody ticere 
of siioe ijnmixniBed with either the CT-CRMgaja or CT- 
CHMbxiqd foxmilated vaccinoo were more than 30 timaa 
greater than that of miea iamminiaed with rPS plus P»S» 
la oonrpariflon, the vaccine prepared with wild- typo CT 
elioited anti-native P6 antibody titers that wore ^0 
times greater than that generated by the PBS prepared 
fotmiilafcion:i! ^efanti-nakvePS antibody tit era of 
zoibe ijtttiunized' with either .the cr-CRiirtiaDr tS^-CMtrxi « 
CT-CRMiiiK prcparationa ware ciniy two to forar tiaiea 
greater than that of recipients i«wwnired with rP4 pine 
rbe formulated: with PBS alone • 

' - Kn exasiination of the protein- Specific 
antlbodiea in the fflucbeal eecrotions two *eekB ^flter 
tertiary iimuniaatloa further iadidated that the CT- 
CHMs facilitated the generation of local Imttune 
recponsBBvagainflt the rP4 protein. Moreover, ^ the anti- 
rP4 antibody titers were cooparable to those induced by 
wild-type CT (Table 7), J.oeal antibody titers were not 
detected, againat native P6 protein (data not shown) . 
tmuflVi thei data i when taken together suggaflted: that the 
tooat prca>itiott0>utant era fdr generating both oyBteaiic 
and local antibpdy responseo againot rP4 and rP6 
proteinp w^r©: the CJ-CRMb which contained aianitation at 
ail^er position 29 or 110- . 

An additional Study^ was. perforsuBd;, to ponfirro 
the potential of CT-CKWrtaH M aai adjuvant ' and determine 
the apprpi»rlate doae for IN iaamuniaation (Table 8) . 
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The reeulta Ixididated that 1 M oi CT^CW^aia 
facilitated ths greataet dyotemic and local htonoral 
liwme rcflponees againBt z:P4 protein. Whon the dofle of 
CT-CICMgasK increased froan 1 to 10 or 30 ixg per dose, 
5 the data Buggeatod that both eyetemio and jaucoeal 

ijmimme reeponaea were dlmiaiahed. For example^ the 
seruxn anti-P4 IgO ancihody titers o£ mice inoauniaed 
with 10 CT-Cia^„j was one-aeventh that of mice 
immuniaed with the 1 \ig CV-CMbish on day 48 of the 

10 study (Table 6) • Moreover* the local anti-P4 IgA 

antibody tltare from the bronchoalveolar and vaginal 
wash fluide of the former group were one- thirty- fourth 
and oae-Bi5cteenth that cff the latter group of aloe on 
day 49. The data Indicated that the local and ayatemic 

15 Humoral iwnune rcaponaes of nice imnuniBed with rP4 

plus rP€/CX-CiSKBaiH "^^^ essentially identical to those 
attained after innauniaation with the wild- type cr 
adjuvanted vaccina (Table 8) . 

The effect of tbe addition of CT-CRM^aw 

20 the serum antibody responsoa elicited by aJmnunlsation 

with the Kapg protein was wcaained, Addition of CT- 
GEKgafB helped induce a eerttw antibody response to the 
Hapg protein (Table 9) . Tha iamune response waa seen 
in week 7 sera; no antibody titers were detected in 

25 earlier sera. The anti-Bap, ELX8A titers of the sera 

obtained from imaunlBed mice are shown in Table 9. The 
responses increased in a dose dependent manner and ware 
augmented approxijaately three-fold by addditioa of 0.1 
fig of CT'CRMbisb- augmentation occurred at both 

30 dosage levels. 

The potential of the five different CT-caMs 
to augment systemic and local humoral immune responses 
after intragastric (16) Immvmixation with thB rlTrease 
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prot«i» of H. pylori wan aaaBBaefl ualng a mouoe aodol 
129). rhm results were elmilar to ttoae obtained with 
the OTSi proteiaa after intraaaeal adBlaiatration. The 
data indicated that CT-CRMnsH was tHe mutant with the 
aoBfc potential for ausaenting ayatonic and local 
hunoral inwne reeponaea after IS iaauniaation. The 
geometric mean aerun anti-rOreaae IgO (lahle 10) and 
tgh (Tatole 11) antibody titers elicited hy the CT- 
CMirtw formulated vaccine were aix and three tiaeB 
greater, reapectively, than those induced by CS-C9JS^„ 
on day 28 o£ the study. Furthermore, the flerua iflO and 
IgA antibody titers elicited by the CT-CW«Ba.B 
£ozmulated vaccine were equivalent to that generated by 
the ysoclne containing wild- type CT. 

Host iaportantly, 10 iiaaunisation with the 
rureaee foraulated with CT-CKM«„ appeared to generate 
the greatest local huaoral iinrune reaponsas (Table 12) . 
•mis was most evident after the esaaiJiation of the 
bronehoalveolar wash fluids. The anti-rUreaee IgA 
antibody titers in the bronehoalveolar waah fluidfl were 
five tiaea greater than that elicited by the CT-CBKa^n 
prepared vaccine. In oa«parisoA to the wild- type CT 
foxwolation, the anti-rVrease IgA antibody titers were 
at one-fifth the level. However, the protein- apeaific 
igA antibody titers la the vaginal wash fluida of the 
group Ismunlaed with the CT-CBMbmb formulated vaccine 
wre esaentially equivalent to those elicited by the 
wild-type CX prepared vaccine (Table 12) . 

It was noteworthy that the data imply that 
parenteral imnnniaation did not elicit remarkable 
rtrrcasB- specific IgA aatibodlaP in the bronehoalveolar 
wash fluids when compared f those elicited in mice 
liammiaed lO with the CT-CRM«,„ pr^ared vaccine Creble 
12) . 
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Therefore, a aecond (ttudy was condueted to 
tGBt the affleaoy of the immune xsapaaattB generatwd by 
lUreaBB foraulatBd with CT-CRM„„. The data auggest 
that CT-CW^sa POte»«^ *" wtW-type CT in 

BuppoEtlag the iaduation of proteetive ismnme reaponBeB 
ogainat H. felis Wable 13) . The aerun anti-rf^caaae 
IgA antibody titera of the fonner group were equivalent 
to those of the latter group o£ nice on day 38 of the 
Btudy. The protein-specific IgA antibody titers la the 
sera Of mice parenterally laaumiaed with rtlraase plus 
Btimulon™ OB-21 were 12 tlmea greater then thooa of 
ttice lamuniaed 10 with the CT-C»M„„ Prepared vaeelno. 
However, the protein- specific IgA ant4J»dy titers in 
the bronohoalveolar waah flwida of mloe Saawniaed with 
CH-CSX^ ware aiore than ten tiaao greater than those 
of parenterally InmaaiMd nice (l*ble 13) . 

Ihe results ouggeBted a correlation between 
IQ iBfflualaatlon and the ability of mice to clear B. 
fells from the etoawich tinBue. Ten days after tbe last 
challenge, 80% of the of nice innunired IS with 
vaccines forroilated with either CT or et-CSK^a 
able to clear nraaae -containing bacteria from the 
Dtemach tiflsuea. In oantrast, naive control adce 
(10%) . mice iamuniaed 10 with rUreaae plua PBS alone 
25 (20%) , or mice iamnniaed eubeutaanoualy with rUreaae 

adat»ed with Btimolon™ 09-21 (30%) appeared to have 
IBBB ability to eradicate e. fella (Table 13) . It was 
noteworthy that the data did not auggest a relationship 
bBtweea e££lcaoy and protein-apecific IgA antibody 
30 titers in the bronohoalvaolar waah fluida. The 

protein- specific IgA antibody titers in the 
bronchoalveblar i«Bh fluids of mice IwBainiaed 10 with 
rorease plus wild- type CT wore one- tenth those of nloe 
ionunltfed with CT-CSM.,„ (Table 13) . «et 80% 
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PEOteation was aehiBved with either vaooine. ThuB. 
jBonitoring local humoral Ijmmme respoaacfl in the 
jmlswnary tiBBUaa may have little ralevanco to 
protective iamune reapanaeB that occur in the otomach. 

It has bsBB BugBCBted by Or. Janl O'Koucke 
(University of Met* South Wales, parBOiial eoswMnicationl 
that C57B1/6 mice, utaike BMiB/e mice, eatperiaace 
diseaae Biailar to that observed in humaaB after 
infection with B. pylori. To test the efficacy of the 
anti-rTJrewe iimuae reBpo&aee facilitated by CT-CbM«„ 
to clear H. pylori froo the {rastric tieeuee, a sq«rate 
aeriea of etudiea were initiated using C5781/6 aice. 
The results euggested that 18 lamuni.atioa with rUreaae 
f onnulated with CT-CKM,„h generated eyeteaie and local 
bvBBoral iBnnme reBponeea that were aimilar to these 
elicited by rtJrease forsnilated with wild-type CT (Table 
14) . The serua and bronehoalveolar and vaginal wash 
fluid anti-rnreaae IgA antibody titere of mica 
inmunized with either wild-type CT or CT-CRKhsk 
prepared vaccines on day aS of the atudy were 
indistinguishable. The only disparities were the IgX 
antibody titers detected in eictraets of the fecal 
pellets from the mice isaBunised with the CI-OBMBjm 
prepared vaooine (Table 14) . which were three times 
25 greater. It was noteworthy that tHe proteih-speoific 

XgA antibody titers in the feces of aice parenterally 
isnmmised with rUroaae plus alum were substantially 
lower than those of mice 10 iaimunised with either wild- 
type CT or CT-dBM„„ foraulations (one thirty-eighth 
and one-foiirteenth, respectively) . thus, the C57B1/6 
BOUse model appeared capable of assaBaiag the capacity 
of CT-CBMm9k to adjuvant inoBune responees generated 
after IQ imnuniaation. Moreover, the data indicated 
cuat Che model was capable of defining the rolaa of 
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local and Byataxolc iwrtune reaponecfl iti protedting 
muooaal aurfaoes frooa H. pylori • 

Xt ba0 b«en reported that CT ie 
oontraixidleated a0 an adjuvant for muoosal innune 
reaponses (30,31). Th« hypothesis waa that CT 
prediepooed vaccines to elicit heighteaied IgE antibody 
titerB, Which are undesirable. IgE Ib aeaociafced with 
hypereeneitivity and allergic reactions. It was 
further iii\plied that the heat-lahile toxin of H, coli 
(Lt), or LT-ORMs, had less potential to elicit 
haightenad IgE antibody titers . Hence, the oonolusion 
was that M or LT^ CRMs are wore appropriate vaccine 
adjuvants fox the generation of »ucoaal ianuae 
responses. To test this hypotheaie, vaccines ccapoBsd 
of rarease were foiwolated with either CT, LX, or CT- 
CRM^9« and tested In C57B1/6 mice for their ability to 
elioir IgE antibodias after 10 iBOiunisatioa (Table 15) . 
The data suggested that vaccinas prepared with either 
CT-CWffM9tf or wild- type CT were less likely than wild- 
type LT to generate total or urease- specific ZgS 
antibodies in the circulation. Indeed, the iji^jlicatiQn 
was that vaccines formulated with CT-CRMm,h ««« ^^^^ 
likely to generate elevated igH antibody titers. Both 
the endpoint total and the rUrcase-specifiC lg2 
25 antibody titers were onc-^fourth those of nice Ixmomiaed 

with the vaccine prepared with wild-type LT (Table 15) - 
ThuBr these data BM^^BBt that, at least in a rUrcase 
formulation. CT-CW.afiB is preferred over tT as an 
adjuvant. 

30 Without being bound by theory, the mechanism 

of LT activity recently proposed by van d«a Akkar et 
al. (32) presents a more likely explaxwtion for the 
roducad toxicity of CT variants altered in or around 
E29. After cleavage of the disulfide loop and 
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reduetioa ot the dieulfide bcmd Xiakiag domaijw Al and 
M, the loop coneisfcias of re«i(iuea 30-33 in the Al 
domala is propoBsd to ohaoge ijositloa M a oonoequence 
o£ maveamt of the long helix of domain Aa . 
Sub*ititutto»B for E29 aay alter the behavior of loop 
30-33, resulting ia decreased aotivatioa of CW-Al. A 
peteatial explanation for the reduced toxicity of CT- 
Y30«aK and CT-G34aOB aay f^aa be explained by effaeta 
on the 30-33 loop that are detrlmeatal to activation of 
CT-Al. The aext Btep in the proposed activation 
pathway is movemeat of the entire 25-36 loop, which 
dlBrwpta tnteractloafl between R35 and YSS. CT-RasG 
showed a reduction ia toxicity to a greater extent than 
CT-R25W, poasibly beeauee the side chains of 225 and 
IS ySS participate in hydrophobic interactions, which may 

he retained by CT-1125W but not C5f-R25S. The phenotypes 
Of our variaatB are consiBtent with the awdel for 
activation of hoat-labile «iterotoxinfl proposed by van 

den Akicer et al- (32)* 

A series of experiments woe conducted to 

evaluate the efficacy of cr-CBM„„ as a mucoaal and 
parenteral adjuvant for two vaoeine eaadidetea from 
itelweria, aaeingltidie Group B. The first candidate 
was a recMfl»inant claes I piUn (rpllin) (25) . The 
second candidate was a olass I outer meabrana protein 
(PorA) expreaeed by a jmitaat aeniagooocoal strain that 
did not express the class 2/3 protein (26) . 

n micosal adjuvant effect was shown in a 
first experiment, in that rpilin- specific earvm IgQ 
aatibodiee were enhanced la CT-CW«,,„ added groups, 
ranging from 3 to l9-£old increases ia coaparlBoa to 
the titers obtained jLn mice receiving rpilln in saline 
<Table 16) . Speoif io eerum IgA also increaaed 2 to 5- 
fold in the aloe iaamml-ed with rpllin delivered in CT- 
35 CilMnsK <»t both 0.1 and 1.0 Jig) . It is noteworthy that 
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CT-CWW^29R <^ inercABftd rpilin-apeoifio IgA 3 to XO- 
fold itt the nasal, vaginal, and hroaohoalveolar waflhes^ 
Furthermore, IN iamnmiaation with rpllin plua CT-CHMBa„ 
aigniflaantly reduced aasal eoloniaation by the Group B 
5 N, meninffltlii±Q homologous strain to the level of 

detection In SwisB-Wflbotor aico (Figure 2) . 

A second axparixoent was aonducted to 
demonstrate that CT-CHMjjg^ enhanced protection of 
rpilin against a homologous aeningocoocal strain. As 

10 Shown in Table 17, sera IgQ titers of maningoooooal B 

whole cell BLIBA were increased in the xpiXin plus CT- 
CRMgjOT 93:©"P least four- fold compared to the 
hofflologous strain, aa well as to heterologous strains 
PAM18 and JABB2 in conqparison to the titers from mice 

t5 receiving rpilin alone* As a control, »ice inmunised 

with KLH plus CT-CHW^ja induce sera IgC in 

whole cell BMflA to any of the strains tested. In 
Table 18, rpllln-BpeQlfio IgO and IgA antibodies were 
substantially Increaoed in the rpilin plus CT-CRMgjpB 

ao group, as coapared to the unadjuvanted group* 

Moreover, CT-CRKaaBa * mucosal adjuvant for rpilin 
protected mice against nasal colonisation by the 
hosialogous Group B meningococcal strain (Figure 3) . 

2Sext, the iataminogenicity of PorA plus CT- 

25 CRHaa9B Immunisation was demonstrated. The group 

receiving PorA adjuvanted with CT-CRJ(Baaaff*"*"*^*^®*^ 
inoreased serum XgO anelbodiea to meningitidis 
K44:/7(; whole cells and generated 7 and W-fold higher 
PorA-apecific antibodies oon^ared to the unadjuvanted 

30 PorA group (Table 19) . However, serum igA antibodies 

to PorA H44/76 wore not detectable. There were aleo no 
PorA-apecific antibodies detected in any of the mucosal 
secretion samples colledtefd (Table 19) . 
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A fourth expe^rinont vaa eonduoted to 
daaonetrata that CT-CSSS^m eahaaaU proteatAon by 
either ipllin or PorA agaiaat a heterologouo 
meningococcal etrain. The data, particularly trea 

5 Table 20. indicate that IN adainlBtration of claBS 1 

rpilin or PorA delivered. witbCT-CM^B„ not only 
elicited high aerum antibody titers to antigens and 
menlngoeoocal whole oelle, but alao protected Swiofl- 
Webater »icB against nasal coloni«ati«in by a 

10 beterologouB strain of group B S. aieningi tldla . 

specifically, CT-C!BM„,„ enhanced aeruBi antibody reaponse 
to daaa 1 rpilin aa ooapared to that of the 
uaadjuvanted group, fiimilarly, the adjuvaated claoe 1 
rpilin group provided enhanced nasal clearance of the 

15 bacteria. 

Next, the ability of CT-CMfcifa "^rve aa an 
aajtiVC»t for meningococcal parenteral imnmnixation waa 
axaminod. Aa shown in Figure 5, PorA H355 adjtfranted 
with either MPL" or CT-CBH,^ significantly reduced 

ao naaal coloniaation of Group 8 maningoooccal 

hatarologoua strain 870227. In particular, nice 
JLaoauniaed aubcutaneoualy with PorA H355 plus CT-CIWbm 
had even aignificantly fewer colonies than the PorA 
H355 plus MPI.'" group in the nose 24 tourfl poat- 

25 challenge. However, bactericidal activities were 

detected in tbo sera only from the PorA and the heat 
Xillod whole cell adjuvanted with MPL" iaminiBed groups 
roflpeetivaly (Table 22), but not fron the PorA plusCT- 
CH««„ group. Sven though PorA adjuvanted with CT- 

30 cratsM elicit hoBiologouS bactericidal 

activities slailar to that of MPL" adjuvant, it was 
highly eff icaeions in reducing the colonisation by a 
haterologous Group B meningococcal strain. 
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Th8 capftoity of CT-CKM^sk to augment Byetemla 
and owooaal Itaacune reeponBOB against respiratory 
eynoytial virup (WV) glyeoproteina was examined ueing 
tha purified native €uflion (F) protein. In addition, 
the is^Mt o£ pre-axiating anti-CT antibodies on the 
potency of CT-Cm^^^^ as an adjuvant was inveetigatad. 
Tha reeultB demonBtrated that BXLB/c laice imwuniased XM 
with F protein adjuvanted with either CT or CT^CSX^^^ 
generated eyatemic and local anti-CT IgO and IgX 
antibody titere (Table 23) - Jtoreover, the data 
Indicated that the antibody titers generated by the 
fonnulation containing ar-CSOA^w equivalent to 

these elifiited by thp forrolation containing wild- type 
CT. For example, 10 days after flecondary inauniaation 
15 with F protein/CT-CRKgjs^ (1 W per dooe) . the aerum 

anti-CT IgA and Igfl antibody titers ware only slightly 
lower t h^-^ those of mice imawniced with P protein/CT (I 
)xg per dose) . Similar results were aleo abtaiaed 
after examination of tha vaginal wash fluids from mice 
20 ijnmnniaed with F protein prepared with either l or 10 
tig CT-craiBapH (Table 23) . The data therefore suggested 
that CT-CHlijaiB iamminogenic afl wild- type CT. 

tha question of whether anti-CT isnune 
responses could adversely affect the iawunogenioity of 
25 the F antigen was addressed in a second enperiment 

where B&LB/c mice were primed first by two IM 
administrations with either wild-type CT or Ct-CSMbss 
in PBfl alone (Table 24) . Thereafter, tha appropriate 
mice were immunised twice -Kith F protein admixed with 
either wild-type CT or CT-CSK^jb- An examination of 
the BBxa oolleoted two weeks after the last 
wliainistration (day 55) indicated that pre-existing 
anti-CT antibodies did not have a negative impact on 



30 



23.Aiii 2000 16:06 



No. 501)8 P. 78 



wo 00/18454 PCr/US99/ttM0 



. 23 



the level of local or Byatamle anti-F proteia XgA and 
IgG antibodies . Indeed, the data indicated that pro- 
exiating anti-M aatibodiea were beaefictal foe the 
generation of an augmented anti-F protein antibody 
S responBO. Thie was moat evident when the anti-P 

protein antibody titero elicited at aucoeal eurfaooa 
were compared (Table 24) , Two waete after aecondary 
immuniaation, the anti-P protein IgA antibody titers in 
the bronchoalvBolar and vaginal wash fluids of mice 

10 primed first with CT-CKMb,„« immunized with F 

protein/CT-CRM^^ were 7 and 17 times greater, 
respectively, than that of naive niae iimminiaed solely 
with F proteia/CT-CKKga»B (Table 24) . 

In a third experiment, ayotemie and mucosal 
.15 imwune rteflponsea of BAtiB/d mice immuniaad IH with RSV P 

proteia and CT-CFMiasB' CT-B or alum were aaaeseed. 
Table 25 sets forth the humoral iittnwne re^onaes of 
sera collected ni»e days poat-tertiary iBBBuniatation. 
Mice that had received inmmniaationa containing T 

20 protein and either 1 or 10 Hg of CT-dtttajK (groups 777 

and 778, respectively) displayed significantly elevated 
titers for IgO, Igcn and IgG2a vrtien con^iared to nice 
immuniaed with P/PBB, ^/AlOH or RSV (grows 794, 7B5 
and 907, respectively), la addition, the titers 

25 generated by vaccines containing P/CT-CRHoot (777 and 

778) ware at least equivalent to thoso stimulated by P 
protein and CTB (779 and 7flO) . 

Bronehoalveolar lavage fluids, vaginal and 
nasal washes were collected from the Ijnmunized animalB 

30 one wea)c post-final imauniaation in order to perform 

IgG and IgA antibody ELISAs. The data, set forth in 
Table 26, show, titers from pools of five mica- Mica 
immuniaed with Cr-CBX^^^ elicited detectable IgA in 
both vaginal and nasal washes (groupB 777 and 778) - 
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IgA was not eaen in BALd derivfld f rem miee iamuniBfid 
with CT-caMgjM and this reprwented a cQHtraBt to that 
aeea In the BUL of R8V imaunlaed mica (group 907) and 
F/CTB ianminiBed inloe (780) . IgO waa seen in all 

5 nuooaal waahea including that from the BAL. The levels 

o£ igO aeen La the waahe? from CT-CllM„pB imaiuiii-ed »iee 
were comparable to thoae obtained by lamnmiainff with 
era (sroups 779 and 780) and live RBV. 

In a fourth experinent. the cytolytic (CTi.) 

10 activity elicited by in vitro etimulated apleen cells 

derived froa iinnBUii«ed adcs waa aBBeesed. The data are 
praaented in figure S. Mhereaa RSV-iBBwniaed miea 
showed antigen-Bpecific cell lyeiB of approxiaately 
«0%. the CTI. activity of each of the reaiaiaing nice 

IS raaalnad leas than 20%. IbM, Hberaaa CX-caMg„» waa 

able to induce both pyfltenio and mucoeal hwnoral iamma 
reaponae^ to RSV r protein (Tables aS and afi) , oell- 
Biediated iaaune reBponBes to RSV- infected target oallfl 
were not observed. 

2fl m a fifth experinent. viral protection 

asaaya were perConned in order to inveBtigate whether 
the intranaaal delivery of »/CT-C8Mbsb fiaeilitatea 
protection against live RSV challenge. The data are 
presented in Figure 7. 

StatiBtieal analysia by ANOVA of the results depicted 
in figure 7 is as CollowBt 



as 



30 



p < O.05: P/PBS vereuB F/CT-CSMhsh and 10 M CT- 



p > 0.05: EBS/CT-CKMb„, veTflUa P/PBS 
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p > 0.05: P/CX-C»Kb„„ (1 JiS W CT-CSM„,„) 

verBU0 y/CTB (1 and 10 \kg) vbtbub P/A1qH. 

Mice that recftived IKf vaecinea oontaining 
5 P/cr-CRMrt5K « ^/C'* '^^"^ titeea coaparable 

to fchooe aehlevad in mice inummiBed intramuscularly 
with F/AIOH (p>0,05>- Furthermord, intranaeal 
inonuniaation with F/CT-CRM^sm was seen to reduce lung 
virud titers by Logio 1-6 aad t^oHw ^-^ ccMapared to IN 

10 iasRwi«ation with F/PBS or PBS/ CT-CHMbj,,,, 

reapeetivoly. The differo»c«o between F/CT-QX^^n and 
F/EBS or PBS/CT-caaai^jfi ware found to be atatiBtioally 
Bigaif icant lp<0 , 05) • 

m a sixth exporimeat, aysteiflic and mucosal 

15 djmxjune reBponaes of BMiB/e mioe imanmiKad IN with MV F 

protein and CT-CHKgjjjj or alum were afiflessed. Xabla 27 
sets forth the humoral iaamme raBponaes of aera 
collGCted two weeycB poat-tertiaiy immiiniaation. Mice 
that recoivad immuniBatiouB containing f protein and 1 

20 Jig of CT-CRif^a« (group 256) displayed eignif icantly 

elevated titers for IgQ, IgOX and asG2a when coittpared 
to JEice immuniaod with F/PBS or SBfi/CT-CRMBap« (g*<«»pfl 
250 and 257, respectively). No aignifioant dlffereucea 
were obBorved in the IgOl titera between mice inffluniaed 

25 with F/CT-CRM„flH <256) and F/AIOH (258) . However, IN 

Ijftmuniaation with F/CT-CRMpi,K t256) elicited 
Bignif ieantly elevated IgC2a titers compared to thoae 
seen by imnainization with F/AlOH (259) . Collectively, 
these reault'a' are in agreeaient with those preaented 

30 Table 25. Whereas Berua IgA was detected in groups of 

mice receiving P/CT-CRMBaM, the titers were much lower 
than preyiouaiy observed (16,20J±2,031 for group 777 
and 444±1,4S8 for group asfij . The reaeoafl for the 
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appaicwxt differenna are not clear. NoverUielBBB. Uw 
ability of F/ct-CHMb„b dellveired IN to induce fleniia IgA. 
iB coBdifltent in both otudieB and aontraata EavoraUly 
with the oapaoity of r/AlOH in thia roflrard. 
5 Hronehoalveoiar lavage fluida, vaginal and 

naaal washea were oollected from the inuniaed animalB 
two ireekB poBt-«inal lamuniaatlon in oeder to perform 
IgO and IgA antibody E1.1SXB. The data, set forth in 
Tatole 28, ahew titers frc« poolfl of five nice, fliallar 
10 to the reevata ahowa in Table 26, mice ianuniaed with 

CT-CSMga„ elicited detectable IgA in both vaginal and 
naaal washes (group 2B6) . Again aiailar to tha data 
preaented in Table 2fi, igA was not seen in BAta derived 
from nice iamuniaed with CT-C8M„„. Bowever. IgO was 
Been in all of the muaooal washea Including that from 
the SAD. The levela of IgC observed in the waehea from 
?/CT-ClUi^,-ii™i««d nice were at leaat eoaparablo be 
thoBS obtained by iaoiuniaing with live RSV (Table SB, 
gronpB 2S$ varsua 259). 

In a seventh expertnent, the cytolytic (CTL) 
activity elicited by in vitro atiaalated spleen cells 
derived from iamiuniaed nice was aaoeBeed. The data are 
presented in Figure B. Whereas RflV-i»«mii«ed siioa 
showed antigan-apeeif Ic cell lysis of approxiaately 
2S 45%, the CTL activity o£ each of the reaiaining mice 

remained leas than 10%. The data oonfim the inability 
of IM ianminiaafiion with F/CT-CBMajjK to i"*^"" * 
aediafced inmune defense mochaaiwa against aflV-±nf eeted 
target cells in the splenic lyaphocytc population. 
30 This confirms the previous observation (Figure 0} . 

la an eighth experiment, additional viral 
protection aoaays were performed in order to 
investigate whether the IN delivery of F/CT-CSMnga 
{acilltateB protection against live asv ohallengo. 
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StatiBticsa analyaio by MJOWA of the results depictad 
in Figure 9 is as follows i 

p < 0.05: F/PBS varBua V/CT-Cg3S„n. F/AlOH, RSV. 
p < 0.05 1 Uftive versus P/CT-CMI,,,!,, F/AlOB, asv. 
p > 0.05: F/CT-Cia«aj,H versus F/AlOH, HSV. 

flioilar to the results depicted in Figure 7, 
tticB that received IN vaeelneB oontaiaing F/CT-CBl^jis 
controlled virus replioattoa la the lungs to an extent 
which was statistically eonparable (p > 0.05) to that 
achieved in mice imaunised iatranuseularly with F/AIOB 
or IN With live HSV (Log„ 1.B7 versus Iiogx, 1.99 and 
tog„ 1.94, respectively) . 1» iimnvmiaatien with FyPBB 
(first bar) / or uninaRuniaad nice (naive) displayed lung 
viral titers of Log„ 4.S and Log,, 4.3, respectively. 
Furthersiore, these groups had lung virus titers that 
wore found to be statistically elsvated (p « 0.05) whan 
compared to the virus titets obtained £ra» aiea 
ijimnmized with F/CT-ea«Bj,8, F/AlOB or live HSV. 
Therefore, the data support the ooaolusion that IN 
instillation o£ F/CT-CSMa« Pwteets against iaSeotious 

35 BSV challenge. 

In a ninth ajq^arlawnt, the anti-F aarum 
antibody responae was aBBaaaed. The reBults showed 
that anti-F protein IgO was significantly increased in 
Bica lanaunised with F/er-CBM^nisB (0.1 or 1.0 jig) 
cooparod to those given F protein delivered In PBS 
alone (Table 23) . In addition, F protein adjuvanted 
with either 0.1 or l.O |ig CT-CBK,„a was at least as 
affective as either P/AlOH (inbranniBCular) or 
wporiaental infection with RSV in otiaulating antl-F 
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protala rgO raaponfleB. Th« nagnitudo of the anti-P 
protein antibody tlteM waa dspeadaat on the dooa o£ 
CT-CKM„„ in the fonmlatioa, aueh that titera wesa 
Bigaifieantly greater in mice that received 1.0 Jig CT- 
5 eRM,„a versuB O.OX |ig. la oomparj.aen to »/PBB. both 

aatt-P protein IgOl and igaaa titars were augmented 
with either 0.1 or 1.0 Hg CT'CBMmm' CT-CSMmm, 
fltiaulated both type 1 and type 2 iMune compartmantB. 
Signifioantly higher oenm aati-r protein igA reoponaeB 
10 were Btiaiulatad by IN ianmmlaation with r/CT-CWaim 

(0.1 or i.O Hg) coinpared to experimental in£ectix« 
with RSV. In contrast, aerua igA anti-F proteia 
antibodiaa were not obaerv-ed in Tespsass to F/PBS (W) 
or the' parenteral adminidtration of ?/AlOB (Table 29). 

Antl-CT titero alao followed a doBO- dependant 
pattern conBiataiit with the antl-F protein tltere 
(Table 29) . Btatiatically equivalent anti-CT titera 
were obeerved In eera obtained from mice iaaninlaed with 
either CT-CRMg,sK (1.0 \is) or r/CS-CBXa,^ (1.0 W) • 
However, theae titers were elgnifiaaatly elevated 
coB^ared to T/cr-CSii^t (0.1 or fl.Ol |ig) . In addition, 
the anti-CT titerB in Bera of mice Ijnmuniaed with P/CT- 
CBMsMH ^b) were atatiatically heightened ooBflpared 

to titers from nice imwftiBod with f/CT-CKMnsB ^O-O^ 
Jig) . Theretore, the adjuvant effect of CT-CMI>aw for 
anti-F protein antibody reBpanaefl is correlated (r •» 
0.97) with the antibody reaponBe to the mutant cholera 
holotoxin. 

m this ninth eatperimant, mucosal immunity 
was also aaoeeaed. Mucosal IgA. was obaeryed only in 
pooled naaal waahea (HW) from mice iMnuatacd with 
either F/CT-Cli^a„ d-O WJ or F/W-CBM„„ (0,1 |ig) 
(Table 30) . In addition, mice that reoelved IN 
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tomuniaatlons containinfl purified F proteia and CT- 
cma,u (0-01 eo 1.0 pg) aleo ted aati-F protaia IgA J* 
vaginal waahofl (V») . 7 protein-Bpeaifio igQ waa 
observed in the hronchoalveolar lavaga (HAL) , VW and/or 
5 iiw Of fflioe U»t r«calvad P/CT^CRMb„„ (0.1 and 1.0 |ig). 

or F/AIOH. in eoatarast, . aati-F protein IgA wb not 
detecbed in mioe ismmnl^ed IK with P/AlOH. 

la a tenth experinent. functional imnunity in 
oLco Ijamuniaad with F protein £onfflilated with CT-C»Jbj„ 
10 wau auaeaaed. la the prodcnee of eoaplement. 

statlatically heightened anti-KSV nautraliaing 
antibodie- were detected in the aexa of mice that had 
rscaivsd P preteis and either 0.1 or 1.0 M o£ CT- 
atXtan- F/^IOH or RSV AJ, ooniparod to the 
15 adminiatration of F/PSS or cr-CSK^a„ alone (Table 31) . 

In the abaenoe of eoaplement, no deteetabla 
neutralliing titers were obaervad in any of the groups 
(log„ < 1.3) . Conaiatent with the aaruiB and jmieoaal 
antibody data (Tnbloa 29 and 30) , lamuaiaatioa with 
ao P/CT-C««„» (0.01 W) was not auffioient to generate 

anti-HSV aoutraliaing antibodies. 

In an eleventh ©xperwient, imaoniaed mice 
were challenged two weeka after tertiary iMuniaation. 
in order to determine the ability of P/CT-CHMnrt to 
25 protect againet aubaequent Infection. The reaulta 

dsBonetrate that mice lamunized with F/CT-CiaJ„w (0.1 
or 1.0 M were protected (Table 32). In oowpariaon 
fco naive mice, or thoae iamuniaod with F/PBS or CT- 
CBHtgtM aloao. the lungo of mice innBinlaed with F 
30 protein and either 0.1 or l.O |ig CT-CWlsjM had 

significantly reduced virus levola. In addition, 
Bignlficanfcly reduced virus levels were observed in the 
nasal fciaauee of mice iamuniaed with P/CT^C3WJ,,« (0.1 
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a ^4 1,0 ^9) oonpared to mon-iaomiziized naive mice or 
thoae ImmuniBed with F/FB8. Xn contrast, mice 
ixomunized parenterally with F/AIOH displayed reduced 
viral titers in lung tiaaua ^sasqpar^d to F/?BS inonunived 
5 mieer but no eignifioaat reduction in aasal tissue. 

Ovorall, the IN adsiiniBtration of F/ CT-CRK^gx (0.1 or 
1,0 ^g) was au££icient to generate both local and 
systemic humoral immune reeponsa^ that may have 
contributed to the protection of rcopiratory tieou© 

10 against Qubeequent live RSV challenge. 

The data presented in Rxanple 10 have 
illustrated a viable approach to the develqpmont of an 
IK vaccino for RSV F protein. The data indicate that 
the production of both humoral and mucosal IgO and Igh 

15 is fltinulated by the IK delivery of F/CT-CHM„gH. That 

the antibody titers observed vera significant is 
demonstrated in two ways* First, each of the humoral 
and mucosal antibody titers that were analysed in mice 
immuniaed with P/CT-CKMmm qualitatively similar 

20 and quantitatively elevated compared to mice imaiuniaed 

with P/FBS. Second, the elevated titers are translated 
into a biologioally relevant iflnawne reaponse, as 
indicated by the obsorvod level of protection displayed 
in Figures 7 and 9. immunization with V/cr-CWaBu 

25 significantly enhanced protection against live KSV 

challenge conipared to iianunization with F/PBS or 

FB$/CT-CRKb,9B* 

Collectively/ the data augaest a mechanism 
involving the neutralisation of infectious virus by 
30 either mucosal or humoral immunoglobulins, that are 

stimulated in response to the IM infflumisation protocol 

containing F/CT-CBMsass- 

Mice were immuniaed with another viral 
antigen* rotavirus, in the form of reeembinantly- 
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expreeaed vpa anA W6 proteine. Recoabinaat 
baeuJeviruB vector- e^preflfling Mil totavlnis vpa and 
VP6 were eonBtructad ae deaerlhed prevlouoly (38); " 
is taiowu that reeoBbinantly-«qpreBaed rotavirua 
5 Btruotural proteins Bolf-asB-nble Into partiolaa that 

are norphogeuioally IndifltinguiBhable £ro» virieme. 
The proteina bo exproBBCd oo-BBB«»bled into a/C-virue- 

llke partioleB (VtiPs) . 

labred BAL8/e aiioe with a hoBogenaoufl genetic 

10 baclcBrouzui were used, anticipating chat they all wculd 

be reeponcive to l-mvoniBatlon and thuB cl«:i£y the 
profile o£ Byotemio and «uooaal l«unoglobuli»o to VMa 
alone end when caaibined with CT-CWlo„ adjuvant. 
Genetically heterogeneoua outbred CD-I mice ware also 

15 uBBd to determine the effect of genetic diversity on 
the factors involved in lirduetion of iiomunity and 

protection. 

Sera of all imauniBed BALB/o and CD-I oice, 
except for two unreeponslvc orally imaaniBed CD-I mlee, 
20 contained antihodieB to both VPa aad VPS. P«- 

i,n»a«i.atian eera ae well bb Bera of vnl*«uni«ed mice 
detected no' viral antigen in mock and or Vpa-6 
bacttlovirue infected eella. a/6-vi.P i»BMaiBed eeca ce 
»Aba flpeoific for VS6 and VPa expoeed to uninfected 
cells also demonstrated a« reactivity (data not ehown) . 
lamunog-niolty of a/<-Vl.P was also ocnfir>«d by Weetem 
blot analyeis UBlng pre-ehallensed and iaBuniaed serum 
from each »ouse against i/S-VUB as well as SKll strain 
of rotavirus (data not Bhown) . 

Batterna of xotaviruB-apeeifie Berum IgS, ISM 
and IgX in the group immunised IK with a/6-VMs alone 
were similar to those In the group iaBMnlsad with a/6- 
VLPB and CT-CHM„« (Fiswe 10). However, ween 13 
levelB of the three serum antibody Isctypes trare 
3S significantly higher in the animalB receiving a/6-vl*e 
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together with CT-Ci™«„ (Flsura 10) P=0.004, and 

P=0,02 for igO, lg« and IgA ranpaetively) . «i1b 
indicatad that CT-CPM«,h bad aignifiaantly etoaed 
humoral r^pponaes to 2/6.VI.PB. Week 13 aeleot-d aa 
5 iadlaativa o£ antibody levels generated following two 

inBauniaationa hut prior to oballenge. 

AB Dhoim in VigvoB UA, BALB/e inioa given 
VLPB IM produoed a greater rotevirua apedf ic ayateaic 
IgO raaponae than tboae lamuatxed orally. 
10 statiabioally aignifieant ditfereacea in serum IgG 

titers between the two groups were evident at 13 weefca 
(P«0) . Sladlarly, aeru« tgM levels ware higher in the 
IM group aa opposed to tho oral group iAen pre- 
challenge (week 13) valuaa were analyaed (P-0) (Figure 
15 IIB) . Serum Ig« levels peaked by week 2 and decreased 

by weak 4 in the IH and mixad groups, whereas in the 
oral group, low but relatively conatant levele ofi serum 
IgM were detected throughout the study. Peak aerun IgA 
in orally and IK iBamnlaed animals occurred on week 4. 
20 wo signlfleant differences in eerum igA levels 

dlatingulahed the three orperimental groups »rtien 
exanined at week 13 (Plgure llc) . OveraU. IK 
iaatimiaation generated higher levels e« syfltamtc IgQ 
and IS" reaponaee than oral imilaation. Induction of 
25 oignifioaatly high levele of IgQ and ItTM in the IK 

group support the concept that Uf lawmlaation nay be 
the preferred route for adminiatration of future 
vaccine oandldataa (33) , Thus. IH imunlaation leading 
to Btrong systemic neutralising responseii could be 
30 efcective agalnet viral pathogens that penetrate 

tauoosal barriers. 

Both IgOl and iga2a wore found in the earua 
of the IN and the orally innmmiaed BALB/c mica (Figure 
12) . The IK group had Btatifltioally oignif iaantly 
36 higher levels of both IgO subcla»»eB compared to the 
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oral group (igQl. P-Q.0«| lgG2a. p=0.05). However, 
there were no -Ignificant diSfereaeeP between 
BubolBBeea witW^ each group. Theee data eoafirm tHe 
utilitty of IN ImuniBatieft £or effective Induction of 
both t-helpar pathwys (TH-l and iH-2> • 

The peak level of feoal IS* 
experlaental groups occurred four weeks after the first 
inmamiwtion (Figure 13A) , coinciding teapor ally with 
the time at which serum IgA levels were aaxiaal In 
orally and HT inonuniaed aaiaaXs (Figure IIC) . Ho 
statistically significant differences were found aaong 
tho three lanwnlsatioa protocols when the pre-challenge 
faeal IgA levels were examined (Figure 13A) . Peqal igO 
also was »a*i«al on week 4 (Figure ISB) , however, the 
15 IK group had significantly «ore IgQ on week 13 coapared 
to oral or mixed groups (P=0 and P=0.00a, 
respectively). In general, all 2/6.VtP is»uni.ed »ice 
produced serum IgO, »d IgA, as well as fecal IgO 
and ISA. JTo fecal IB« was detected in any of the 

ao animals. ... j 

Ml CD-I mice receiving a/S-YtFe IN (n-4) and 

two of four mice i»ised orally produced rotavirus- 

speciflc antibody responses (data not shown) . To 

determine the profile of antibody responses more 

25 preoisely. serum and fecal sasfflea were analysed weekly 

for 26 weeks. The induction pattern of serum and fecal 
antibodies 1^ CD-I mice was similar to that in the 
BM.B/a mice (Figures H and 13) . 

in BALB/c mice, two IS iBoflanisatioaa with 

30 a/6-VfcPB and CT-CRM«„ proved protective (PBAfl«9B.7%) , 

in contrast to IN iuBnmisation with 2/6-VLPb alone 
{PBAa=39%) (P-.0.007) (Figure a4A). Ibe mixed 
iaBmmisation, IK foll«»«.d by oral isiwun±-ation, 
p«»tect8d mice to an extent similar to oral uid IN 

35 groups, indicating that In BH-B/c mice mixed 
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iaaunlrttion was alee -ffective. this demoBBtrated the 
algniflcaat augnentatioo la proteative in»ine roaponaoB 
due to CT-CRM,,,,. BXLB/c wLae In all three 
iMnuni-atioii groups flbo-ed nearly eon5»lete prpteatloa 
5 from the challenge. PHA8 waa 99.6%. 98. B% and 98,8* 

tot the oral, IS and the oLxed groups, reflpaetively 
(Figure 14B> . The imiiamimiaed eontrol group shed 
significantly more viral antigen than the three 
imminlned groupa <P-0) . Ihere ware no aignifiioant 
10 diCiarenees between FBAS values Cor the three isaimniaad 

jH laBBuniaation induced hcth Byeteaie ana 
nuooaal reaponeea in all imuniaad CD-I mice end 
protected theae anHnale (PRAS-97,9%) (Figure 14C) • 

15 only t*w of four orally laonuniaed CD-I mice showed 

aystenle and aueoaal antibody rasponaaa and protection 
(2 of 3, SRAfl €5.8%) (Figure 14C>; in contrast, elX 
orally lanauniaed BALB/c nice, showed nuoosal and 
ayatcfflie reaponeea and were protected. Notably, the 

20 C33-1 aouae that did not produce an iawune eeepense was 
not protected frooi infection, whereas Iwume-responalve 
alee were protected (Figure 14C). One aouae In the 
oral group, with no antibody raBponae to laawnlsabion, 
died prior to the challenge. Two CD-I aice were used 

2ti aa controls to reduce the nuatoer of saaflplas In the 

analyeis of antibody reaponeea. However, statistical 
analysis dearly ahowed that the protection results 
were significant (S=0, at 9B% confidence level) . tte 
oral iBBuniaation eapsrlaent was repeated with 00-1 

30 nice under the aatts condltiona. except that anUnals 

ware challenged on week 13 rather than 36. TOias four 
mice in the inBunlaed groups and five ««ioe as controls, 
a similar protection level waa observed (9a\8s71.a%) 
(data not shown) . Taken together, these reanlta 

33 auppprb those recently publiebad by 0 Heal ot al. 
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(34,35). ouggaptiag that in CD-I aloe intranasal 
ImmmiBaticjn is more effective than oral liioiiimi«atioa. 

In view of thlB demonstrated utility of CT- 
cnuJostf as a vaoclae adjuvant, production of auitablo 

5 quaatitiea of thia material is de«lrable. OainS 

pixaasa (deecribed to Baaaple • several attea^ta wore 
nade to es^resa CT-CBMnM ia 8,eoli. The resulting 
yield of purified CT-CRMom bolotoxla ifas approstiaataly 
50|ig per liter of culture medium. Initial attenpts to 
10 inereeae ct-ch«bjjb yield via aodifieationa to the 

original plaaaid, pIIB29H, to create plaamid pPXa492 
(oee Exaawle 1) . ahowed little or no effect, A 
aadarate insreaoa in yield was achieved through eo- 
expresoien of pIIB29H, and derivatives, with Wirio 

15 choleras DalA and eoli RpoH. Co-MCpresBlon and 

purification aodif ieatione inoraaeed the yield of CT- 
CSMgagB to approximately 2 mg per liter- 

in order to inoreaae the expraaaion of CT- 
CR%,B« the lactose inducible pronoter wae replaaad 

20 with an arablnoae toduoible promoter (invitrogen 
Corporation, Carlabad, CA) , «»hiflh was operatively 
linked to the DVH sequence eaaoding CT-CSJ^ms' 
cloning it wafl detemlned that plaanid pII»29H 
contained a etJcA gene fron Vibrio cholerae strain SS9B, 

as linleed to a ctxB gene £roa v.c. atraln 2125. Cross 

aiignaent of theae genes indicated seven base 
BubBtitutions batweem the two ct*fl genea and a single 
base change between the ctxA ganes. Several of these 
base B\*BtittttionB led to a»iao add ebaages in the 

30 auatura mibunitB. Of special acta is the substitution 

between the ctJcA genes which leads to an amino acid ' 
change within the A-2 portion, or the holotojtia 
aesenbly domain of the A subunlt. It waa not known 
imether the beterogoaeity between theea geneo had a 
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negative iapaot oa toxin expreaeion or holotoxia 
aesemblyi however, it w*e thougHt preferable £rom an 
evolutionary etaadpoint that both toxin suhunit genae 
originate from the eane eource. Ae a«eh, both the ctxA 
and ctxB geaea used in the conatruetion of the 
arabiaoee inducible ayatea originated f roia Vibrio 
cholerae atrain 569B. The conatnietioa of plaemid 
PPX7490 is deaeribed in fixainple 12. Produotiea of CT- 
am^„ from PPX7490 ia approxd-ahely 30 ng of purified 
material par liter of culture. 

The invention further relotao to plaaaida 
eontalnina laolatad and purified UNA aequeneea 
coiBpriaing HKA aequenoea which encode an iaBBunogenie 
autant cholera bolotoxin having a aubatitution other 
than aapartic acid for the gluta»ie acid at position 23 
of the A Bubuait of the cholera holotoxin, and wherein 
such a DKA oeisuonce ie oparativoly linked to an 
arabinoee inducible promoter, aa well as to auitable 
boat cells traneforaied. transduced or tranafected with 
Bueh plaamidfl by conventional toebniguee. 

A variety of host cell-plaamid vector oyatema 
are need to express the iaiBunogeaic mutant cholera 
holotoxin. The vector aysteni. which preferably 
includes the arabinose inducible promoter, ia 
coarpatible with the host cell used. Suitable host 
cells include bacteria tranafonaed with plaamid OKh. 
ooamid DHA or bacteriophage DllAf viruses such as 
vaeciaia virus and adenovirus; yeast suoh as Piohia 
cells; ianaot eella flucb as 8f9 or Sfai cells; or 
aa«aaliaa cell lines aueh aa Chlaese haaater ovary 
cells; as well a« ooaveabional organiams. 

A variety of conventioaal traascrlptioaal aad 
traaalational ele»enta can be used for the host cell- 
vector ayst««. The DNA encoding the CT-CSM is inserted 
35 into an expreaeion system.- and the proinoter (preferably 
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tba arablnoae inducibl. promoter) and other coutroX 
elements ar« ligated iato epecifio sitee within the 
vector, BO that when the plaBmia vector is inserted 
into a host cell (by tranefonaation, traaaduction or 
S tranefeotinn, depending on the boat eell-vector ayaten 

UBGd) , the Ot» encoding the CT-CBM ia expreaaed by the 
boat ooll. 

Tba imnumoganic niutant cholera bolotojtin iB 
produced by tranaforaing. tranaduoing or trawfectiag a 
10 host cell with a plaamld deacrlbed above and cultttring 

the boat cell under oonditiona which permit the 
utpreasion of aaid recoabinant imna»iogenifl detoxified 
protein by the heat cell. 

Although thia invention is exemvli-^^^ * 
15 CT-CSM anitant having a hietidine at aaino acid 29. 
other noaoonaervative nutatione o£ the wild-type 
glutaadc acid residue are also within the acope of thia 
Invention, aiutamie acid ia an acidic (negatively 
charged) aolecule. Therefore, a nonconaervative 
20 -utatloa will be one in which a eubatitution ia «ade to 

an amino acid other than aapartic adid, **hieh la alao 
an acidic .olecule. Suitable alternative amino aoida 
iaclude the amino acida lyaina and arginine which, like 
hietidine. are ba»ic (poaitively charged) molecules. 
25 suitable alternative amino acide further include the 

aaino aoida with nonpolar functional groups such as 
alanine, iaoleucine, leucine, methionine, 
phenylalanine, proline, tryptophan and valine, and the 
amino acida with wcbarged polar functional groups auch 
SO aa asparagine, oyateiae. glutaaine. glycine, serine, 

threonine and tyrosina. 

&n efiective amount ot the mutant cholera 
holotoxSn, wherein the hoiotoxia has reduced toxicity 
oomparad to a wild-type cholera holotoxin and haa a 
35 substitution other than aapartic acid for the glutamic 
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add at position 29 oC the A Bubuait o£ the cholera 
holotoxla, in oombinatioa with a oeleeted »itigan £xo» 
a pathogenic bacterium, viniB, fungua or paxaaite, is 
uaed to ptepare aa antigenic conpoaitioa. wherein aaid 
5 holotoxin aohanceB the iamunE responae in a vertebjrat:© 

host to said antigen. 

The antigenic coopoflitiona of thia invention 
also coflvriae CT-CRM aoataining at least one additional 
mutation at a position other than at amino acid reaidae 
10 29. international appliaation,V»O_93/ya0^ 

ifl hereby inooxporated by reference, deecrlbee a aeriee 
ol autationfl in the A aubunit Which serve to reduce the 
toxicity o£ the cholera holotoxin. Tbeaa auttations 
include saakias aubatitutiona for the arglnine at amino 
15 acid 7. the aapartie acid at poaitioa 9, the arginine 

at position 11, the hiatidine at poBition.44, the 
valine at position 53, the arginine at poaition 54, the 
serine at position 61, the serine at position 63, the 
hiatidine at position 70, the valine at position SI. 
30 the tyrosine at poaition 104, the proline at position 

106, the hiatidine at poaition 107, the glntaaic aaid 
at position 110, the glutamic acid at poaition 112, the 
serine at position 114, the tryptophan at position 127, 
the arginine at position 14(5 and the arginine at 
as position 192. The nucleotide sequence encoding the A 

subunit o£ the cholera holotwein is set forth in 
international application KO 93/13202. International 
applieatianjrojfl/42m (37) which is hereby 
incorporated by reference, deacribes making a 
30 substitution for the serine at amino acidJLM in the A 

subunit, whioli serves to reduce the toxicity o£ the 
cholera holotoxin. Therefore, using conventional 
techniques, awitatioas at one or more o£ these 
additional positions are generated. 
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The BntiBenic ooo^poBitionB o£ tWd invaxiticm 
are admi»i«tered to a hman or Mn-hamaii. vertebrate by 
a variety o£ routes, indudtus, hut not limited to, 
intraaaaal, oral, vagiaal, rectal, paraataral. 
intradenaal. tranadenaal (see, e.g.. Intonxational 
application WO 98/20734 (38). which is hereby 
ixicorporated by reference) , intraaaiDCUlar, 
intraperitoneal . aubcutaneoua , intravenous and 
intraarterial. The aaouat of the antigen convonenfc or 
ooisponents of the antigenic caaqftooitloa will vary 
depending wp«« the identity of the entigen, as well ae 
upon the age, weight and nadieal condition of the host, 
as well ao im the awthod of adminiatration. Again, 
suitable doaea are readily defcesffliaed by psrsoaa 
15 Bkilled in the art. It ie preferable, although not 

required, that the antigen and the mutant CT be 
adminiBteretl at the ease time. The nuaber of doaea end 
the dosage regiaan for the antigenic eonposition are 
also readily detenained by persona ekilled in the art. 
protection may be eoaf erred by a aingle dose e£ the 
antigenic CQBBiosition, or nay require the 
administration e£ several doses, in addition to booster 
doses at later timas to maintain protection, la seme 
instances . the adjuvant property of the mutant CT may 
reduce the number of doses, needed or the tlae course o£ 



20 
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the dosage regimen. 

The antigenic campoBitiona of this invention 
may comprise further adiuvants in addition to CI- 
CHKbmb. Bxanples of such adjuvanta include, but are 
30 not limited to. Stinulon* QB-ai (Aquila 

Biopharmaceuticale, Inc., Framingban. MJl) . WL" O-O- 
deaoylated »onophoaphoryl lipid X, «1SI ImmuaoChem 
Research, loo... Hamilton. Mil. aluminum phosphate, 
aluminum hydroxide and II..12 (Oenetios Institute. 
Cambridge, lOH . The antigenic eompositipna may also be 
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niosed with iirnnnaologloally aoceptable dilunts er 
carriers ia a coaventlonil manner. 

jlie iBsnmegeols nutaat cholera holotoxxn o£ 
thifl Invention ifl suitable for use as an sdjwant in 
antigenic compositions containing a wide variety of 
antigens froan a wide variety of pathogenic 
:nicroorgani«ns. including but not Llaited to those £ro» 
bacteria, viruses, fungi or parasitic mlcroorganis»s 
which infect hunans and non-h^an vertebrates, the 
antige.. «ay eoniprise a whole call or virus, or one or 
aorB saechartdes. proteins, protein subunlts or 
fragnants, poly- or oligonuoleotides. or other 
»«cr«<«leaular coaffonents. If desired, the antigenic 
cos>poaltiona may contain «ore tha= ooe antlg«i £re=v the 
swne or different pathogenic Bicroorganlsni. . 

Deetrable bacterial vacolnGS including the 
CT-CBM mutants as an adjuvant include those directed 
to the prevention and/or treatment of disease caused 
by without llBitation, ira«»ophiJus influenzae (botH 
tyiabls and nontypable) . flsenophilus soaaus. ifora^lla 
oatarrhallfl. Streptococcus pneu»c»i-e. Btreptocoecns 
pyogenes. flfe«.ptococc«s agolactias. flwtoeoccus 
faecall-. Hellcobactsr jylorl. Neisseria meningitidis. 
Neisseria gonorrhoeae. Chlamydia trachomatis. Chl-Bydla 
pneumonias. CblaJVdIa psittaci. Soxdetella pertussis, 
salmonella typhi, Salmonella typhlmurlom, flalaoiieiaa 
choleraesuis. Sgebcrichia coH. Bbigella, Vibrio 
choleras, coiynebacterlua dlphfehsrlae. Hycehacterlum 
tuterculQsia. JO^ohaoterlua avium, xvcohaotsrlum 
30 iatracellulare oo»5.1e«. Proteus mirabiliB, Proteus 
vulgaris, flta(pbylcwccBS aureus. Clostridium tetaal, 
*eptespl« interrogans, florrella burgdorferi, 
Pasteurella hacaolyWca, *««teurell« mnltoclda. 
Actinobaclllus pleuropneumtwlae and «!ycoplaflma 
35 ^alliseptieum. 
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DBsirable viral vactjines including the CT-CSM 
„ut«it« as «! adjuv-nt iWlude thoae directed to the 
prGvantlon aad/or treatawit of diBeaaa eauaed by. 
without limitation, neepiratory »yneytlal virus. 
:paraiixflu«».a virus typ« 1-3. tafluanaa virus. Harpaa 
aisvlex viruB, , Human qy toBesalovlxua , Biaoan 
imunodefioiancy vlrua. Hapatltia A virus. Hopatltia B 
viruB, Hapatitis C viruB, Human papillotiavirufl, 
poliovlrua, rotavirus. oalietvlrufleB. MeaaleB vinifl, 
Mvapfl virus, Rubella virus, adanovirua, rabies virus, 
caaina dieteaipar virup. coroaavirua. parvovirus, 
iafBOtloua rhinotraehaitis vlruaea. feline leukemia 
virus, feliaa infectious peritonitis viruo. avian 
lafectloUB bursal dlseaae virus. Sewcaefcie .diseasa 
virus, Marek'B diseaac virua, porcine respiratory and 
reproductive Byndro»«» virus, equine arteritis virus and 
various Encephalitis viruaafl,. 

Besirable vaccinas against funatal pathogana 
laeH^? th» Cl-CSM mutants as an adjuyant include 
those directed to the prevention and/o^ treatment of 
disease Oauaed by, without limitation, AsperffilHa. 
fllast(fflyc«-. 6«dlda. Coecidiiodes, Ciyptoooceus and 

2ristapls£aia • 

IlaBlralsle vaccines against paraBitefl 
25 inoluding the CW-CBM mxtvatn aa an adjuvant include 
thoae directed to the . prevention and/or traataent of 
diBea«e caused by, without limitation, Laiah-anla 
jnajor. Asoaris . Xrlohurle . Gl«?dia. Schifltpsoaa , 
Crrotosporidiva, 3*ioho»o«.s, Taxoplaaoa ^ndll and 

30 Paeuaibejvtis earinli- 

:'\ oaia CT-ca«wutantfl axe also suitable for 
inolusioa aa an i^djuvant , la polynuoleoti^e vaccina 
(alBO taiown as OKA vaccines) ,fluch vaoqiaes nay 
further 'tnolude: facilitating agents such as bupivicaine 
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(aee U.S. Patent Kuinbar 5,593,972 (39), which itf hereby 
incorporated by referenoe) • 

CT-CHK,2ja waa compared bo wild^type CT aa an 
adjuvanb for the administration o£ plaemid DMA. (pDKA.) 
5 encoding the full length glycoprotein D of herpea 

simplex virus (HfiV) type a (g02) , foxmul&ted with 
bupivicaine (4Q) . The reBults indicated that BAIiB/a 
mice which received CT-CRMgjflg along with pDNA vaccina 
for HSV-2 by the intradermal route generated a higher 

10 average cellular responee than those that received pDKA 

HSV gD2 vaaoiue by itself by the intradermal route 
(Table 34) . In addition, the average antibody response 
ia serum for mice which received the pDK^. ESV gD2 
vaccine along with CT-CHMgaja was approximately at the 

15 some level as that seen for miae which received the 

pDHA KSV 0D2 vaacine without adjuvant (Table 35} . 

Similarly, the pDSk HSV gI32 vaccine generated 
a gi32-0peoilic antibody response in vaginal wash 
samplaa at levels that were cosnparable to those seen 

20 following the delivery of non-adjuvanted vaccine by 

intradermal or intramuocular routes (Table 36) « 

Mice imnmized with the pDNA B&V gDS vacoine 
adjuvanted with Ci^Cflx^^^ or CT and delivered by the 
intradermal route generated subptantially higher levels 

25 o£ gamma interferon than miae which received the pDMA 

HSV-gca vaccine without adjuvant {Table 37) . Mice 
which received the CT^CWg^^K alpo generated IL-5. 

Thus, CT.CHIJ^,^ enhanced proliferative and 
gamma interferon responses when administered with a 

30 plaemid DMA vaccine against ESV* 

Xn order that this invention may be better 
understood* the following examploe are set forth. The 
examples axe for the purpose of illustration only and 
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are not to be conatruad aa limiting the ncope of the 
invention* 

Bxamplcfl 

5 

Exam ple, 1 

H^q ^fiyial flfcraing. pl aamidfl and qrowtb coi^tAflM 

10 

5. coii TGl {Amerflliam-?haz3iaci& Biotech, 
PiBoataway, W J) # and Wlr a nalidixic aoid-reaifltiant 
derivative o£ TGI, carrying FTc,lacl' fron XLl blue 
(^tratagene, liaJolla, OA; (41) ) and eJ236 {FTc, iaor) 

15 (Bio-Rad. HerculOB, CA) were used as hoeta for aloning 

racombisant plaamida and oxpreaaion o£ mutated 
proteins. Plaamid- containing etrains were maintained 
on M agar platea with antibiotica aa required 
(a»qpieillin, 50 /ig/x&l; kanamyoiji 2S fig/ml; tetracycline 

20 10 ^g/ml) - A complete CT operon froro 7- cikolerae 0396 

was flubalaned into the phageaid vector pSKll", under 
the control of the iae promoterr to create the WTO 
inducible plaomid designated pH0J$7 (42) * 

25 IfaitaaenoBiB of ctxA ffew 

the method o£ Kunkel (43) was used to select 
for oligoaueleotide-derived nutaata created in plaamid 
pMcaj67. The oligonucleotides used to generate the five 
30 mutant Ct-CRMa are described in Table 1. 



35 



23. Aug, 2000 16:23 



No. 5072 P. 3 



wo 00/1B434 



PCT/USS9/22520 



- 44 



Table 1 

SequoAoe of Oligonucleotides Introduoed into ctxX 



Sisbflticucion 


ollffonuoleotide B^^enae 


R7X 


AAaXXATAT&&GGC&»TTC (91EQ ID N0:1) 


RllK 


CAWTTCTA&ACCTCCM (SEQ ID NO: 2) 




GACAGAGiaAaTXCOTmCCG (SEQ ID NO: 3) 


KllOD 


CAGAtG^CJlAOASOTTTCTGC (SEQ ID KOi4) 


E112D 


CAOATGaSCAAGJ^aTWCTOC (SEQ ID N0i5) 



^ a1 cored bafies dife Uudafllaedi XT^qisy }Dasa; S=T or ^ 



Briefly, each single-otraxided oligoaudeotide 
was phoflphorylttteji and uaed to direct pacond strand 
pyntbefliB on a uracil-containixig Bingle-atranded Wh 
10 template rescued froa the E. coll dat iffiS etrain 

ca236(F'Tc, pMGJ67). Pollowing ligation and 
tranoforaacion of jaaa* a train TEl. fiinglo-strajided DNA 
waa rcflcued from tap" tranefonnantfl and aequenced by 
the dldaoxy chain termination method (44). 

15 

i f:enfltru&£ipn of thg Plaeaid ^nn(^i(ffiff ^'G^^Mc^in 

The plaamid encoding CT-CRMgija is dcolgnated 
PIIB2SH. ^9 plaamid containe the polyciatron of V* 
20 cholerae gcnea ctxA and ctxB which encode CP- The cticA 

gene in thia plasanid was anitagenixed aa doflcrlbad above 
to encode a hietidine at amino acid position 29 of CT- 

The wild-type polyeifltxon was also altered by 
removing tha nativo ToxR indocible promoter and 
as replacing it with a lactoae inducible promoter. 

7urthanab£o« the regions encoding the cfexA and ctxB 
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Oignal aequonoBB were replaced with the signal 
Bequmxce-eacodlag region of S. coll W IMIIb-B leader) 
in order to proaoto eecretlon o£ CT-CBM^ib, ^be 
plaBBuLd PIIB29H was tbea modified in an atteapt to 
incrBaee the expreBeion of The resulting 

planaid. deoignated pPxa4!>2, contained eynthetio $hiiie 
Dalgarno Bequenceo upetraam of each o£ otocR and ctxB- 
The two genes are genetically separated in pPXa492, 
unlike in V, eholwraa, where the genea avarlap. The 
two ganee also hava the LTIIb-B leader Becjuenaa 
up^treau o£ eaehi 

ttmreaflfnn of am bant: CtacA ttllPlgP. 

Production of each variant holotoxin waa 
fcestad in 5 ml cultures of TB mediuB (45) in 125 ml 
Brlen^eyer flasks at 37 "C with ahaklng WOO rpm) . 
fcogarlthBic phaae eella (A„. = 0.8-1.0) were induced by 
the addition of IPTO to 0.4 aM. followed by growth 
overnight. PolyayKln b was added to 1 mg/ml. followed 
by Incubation for 10 minutes at 37 «C. Cells were 
removed by centrifugation. and the supematanta were 
assayed to determine the concentrations of holotoxin 
ji ffA B pentamer ae described below. 

Speeifieally, the production o£ CT-CRII„sb in 
s. coli involves the oo-expression of the genaa ipoK 
from S. QoU and dsb& from V. choleras. These gene 
products participate in the oonfotmationaX maturation 
of both the A and B auhunits of CT. 
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Example 2 

Tt^ q QMl Bindi ng Aflflav for Intaot HolotQXin 

The GT-CSMfl ware examined in a gaxxglioslde 
5 GM2,-<dependeiLt solid phaaa radioiaqauno^isBay (42) to 

ddtermine whether intacb holo toxin vae present a£tBr 
puri£ication. An enayme- linked innuno^orfoent assay 
(EtiIfiA) was used where fiLXSA plato ttidrovella were 
coatdd overnight at 4*^0 with gangliosido (S&i (10 

10 ^g/iol] • Thereafter, the following reagante were added 

in eequcnce with an interval o£ one hour incxibation at 
room teaparature: CT-CRHb (titrated from 3 ^g/ml to 
Q. 00137 ^g/al) I 100 Ml of rabbit anti-CT*A sera 
(1:1,000), and alkaline phoephataes conjugated goat 

15 anti-rabbit antibody (1:2,000). To visualise the 

reaction, 100 |il of p-nitropbanyl phosphate at 1 |ig/B>l 
in diethanolamine wao added and inGuhated for 30 
minutes.. The reaction was stopped by adding ICO |il of 
a JH NaOS fiind xnanadiately read by a Hicroelisa 

20 autoreader. When coBVpared to wild- type CT/ the data 

indicated that the CT-CIUte with amino acid 
substitutions at positione 7< 29, 110, or 112 were 
intact holotoxinfl (Figure 1) , The results iinplicd, 
however, that a portion of purified CT-CR)fi^„c did not 

25 appear to be a holotoxin. 

gxmple 3 

Y-l,Adrenal Cell Aaaav JEor Resi dual Toxiaitv of CT-CRMg 

30 The mutant CT«>CBMs were con^ared several 

,tirae& with wild-type holotoxin for toxicity in the 
/ mous^ 7-1 adrenal tumor cell assay. Y-l adrenal cells 
V^(Atcc CCL-7d) were seeded in 56-wq11 flat-botton plates 
at a concentration of 10^ calls per wq11« Thereafter, 
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thre6-fold «erUI dilutions of CT-CRMh wore added to 
the tumor caXIs and incubated at 37 (5% CO,) for 18 
hours, ^lie cells were thou exuined hy light 
micrtidciopy for evidence of toxicity (o«ll roundinff) • 
the andpoiat titer was defined as the miTilmnm 
oondentratioa of toxin required to give greater than 
50% oell rounding. The percent of residual toxicity is 
calculated using tJi© endpoint titer of wild- type CT 
divided by the titer elicited by CT-CHM multiplied by 
100, Table 2 dflpicts the residual tojclcity of several 
purified MUtont holotoxins tested in the Y-1 adrenal 
cell assay. 

Table 2 

The toxicity for Y-1 adrenal aells 



y-1 Adrenal Coll Assay 
CT-CRM % Residual 

Toxicity 



E112]> 


0.X3 


BX12P 


0.13 


RllK 


0.Q4 


R7K 


0.04 


«110D 


0.13 


SHOP 


0.40 


E29S 


1.20 


CT-B 


1.20 


CT 


100.00 
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PAt^ent: Mquhq Out Weiorht ABPay 

In this aaflay, 10 \kg of wild-type CT or CT- 
CRK[g29ii adminiflterttd izitvagastrically to each gro\ip 
of BAIiB/c mice (three ai^e par ^roup) . Zatea tinea were 
removed carefully three houra later and weighed • The 
results are presented in Table 3« Data are prcaezited 
as the inaan gut/carcade weight ratio per group. 



Tahle 3 
Toxicity o£ CT-CBKs3|g 



Assay 


CT 




PSS 


Kouee Out Weight 
(gut/carcass 
ratio) 


0.13 t 0.01 


± 0.01* 


0,06 i 0.007 



15 ■ p < 0.05 compared to wild- type CT control, p > 0.05 

cos^ared to PBS* 



20 The ADP-ri boByltraagferade Aasav 

NAD^sagmatine ADP -rlfaosyl trans f erase activity 
wao measured as the release of tcarbonyl-^^C] 
nicotinamide from radiolabeled K&fi*. Briefly/ CT and 

25 CT«'CBMs were trypsin activated and incubated for 30 

minutes at 30*C with SO sac glycine/ao sH dithiothreitol 
in TEAM buffer (Tria"™/KDTA/Bodiua atide/sodium 
chloride) (pH 8.0). TbQraa£ter# the following 
materials were added to the reactions 0.1 mg of 

30 soybean trypsin inhibitor* 50 mM potassiun phosphate, 

10 DM agmatine« 20 ml dlthiothreitol, 10 mK magneai™ 
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chloride, 100 jiM OTP, 3 nfll dlmyriBtoylphosphatidyX- 
flholine, 0.2% cholate, 0.03 ag of ovalinsmin, 100 
[adBiilJxe-tl'"C]lW3 {DuPont OTM™, Boflton, BSA) and water 
to a final voltme of 300 Jil. After inoutoatioo for 90 
5 minutea at 30" 100 \il flmplea *rere applied to 

columns {0.64 x S cm) of Aai-X2 (Blo-Rod) wliich were 
waahed five times with 1.0 ml of distilled/deiojiiaed 
H^O. Eluatfefl cantainlng ("C] ADP'ribosylagmatiaa ware 
oolleoted for radioasflay. Mean recovery of in the 
10 eliiatc Lm oxpraflaad ae pareentage of that appliad to 

column, the reeulte are presented in Table 4. 

Table 4 

KADiAgmatine ADP-Riboayltranaf eraae Activity 

15 • 

Adjuvant ADP-riboaylagmatlae % ADP- 

fozmed riboeylation 
<2ixwl/hr/jig protein) activity 



CT, 10 \ig 


57.1 


100 


s2dH# 10 ^g- 


6.7 


11.7 


fillOD, 10 |ig 


0.4 


0.7 


10 ^ 


O.S 


1.6 


R7K, 10 (tg 


0.4 


0.7 


RllK, 10 |ig 


0.4 


0.7 



20 
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The Intmune ReBponBes o£ BKLB/c Mice Immunised with 
Reoofflbinoat (r) F4 and P6 Outer Kosbrane Proteins of 

Noptvnable Jla emonhilus inf Jueagae_(»THi) 

5 

In a first exporisidnt, £ive BALB/o mice per 
group were ijnmmiased inbr&naaally oa dayd 0, 21 and 35 
with a 10 ^1 dose containing 5 \ig rP4 or 10 |ig rP6« 
plus 1 \xg of the adjuvant ae indicated in Tablea 5 and 

10 G (one group did not receive adjuvant) , The anti-rP4 

ZgG antibody titare were detemined by ELIflA on pooled 
eaaqplee collected at daya 0< 21, 35 and 48 and the 
reaulta ohown in Table 5. The anti-rP6 IgO antibody 
titora ware eeparately determined by ELISA on pooled 

15 Q&mpXw collected at days 0, 21, 35 and 48 and the 

reaulte shown in Table 6. The mucosal antibody 
responses to rP4 were also measured two weelcs a£ter the 
last immunization (day 49) . Table 7 seta forth the ZgA 
and IgG titers from naoal, bronchoalveolar and vaginal 

20 waahesf respectively. 

In a eecond experlmsmb , five BALB/c mice per 
group were ismmniaed intranasally on days 0, 21 and 35 
with a 30 \il doae containing 5 |ig rP4 or 10 |lg rPfi, 
plua aecending doses o£ CT-CRM^^pji as indicated in Tablo 

25 6 (other groups each received Ct or CT-8; one group 

received no adjuvant) . The aemm B&ti-rP4 ZgA and igO 
antibody titers were determined by ELXBA on pooled 
aamplaa oollected at days 21, 35 and 48 and the results 
ehown in Table 8. The ZgA and XgO titers from 

30 bronohoaXveolar and vaginal washes on day 49 were also 

determined and are shown in Table 8. 
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Table 5 

The syfltemio himoral Isamme reaponaes of SALB/o mice 
immuiilssod with reooxnbiaant P4 aud P6 proteins 
formulated with mutoAt cholera holotoxina 





Sertim Anti<Recoznbitianb ?4 XgO Antibody 
Titerfl^ 


Adjuvant 


Day 0 


Day 21 


Day 3S 


Day 46 


None 


1,157 


1,277 


1,693 


1,968 


CT 


75X 


1,657 


17,5BS 


45,885 


CT-B 


1,111 


1,118 


6.317 


70,576 




1,052 


1,539 


11,917 


95,922 


BllOD 


1,243 


1,313 


6,666 


83,058 


fill2D 


1,400 


1,520 


9,260 


41,465 


R7K 


2,546 


1,771 


3,311 


40,936 


BllK 


1,269 


1,391 


3,426 


23,631 



^ The mioB wera isxauxiised intranaBally (IK, 10 MX 
volume) on dayd 0, 21 and 35. 



Redomblnant F4 and P6 proteins were administered 
at 5 and 10 ng per dose respectively. 
10 ^ Auti-recombinant p4 IgG antibody titers were , 

determined by KLZfiA on pooled samples collected at the 
denoted times* There were 5 mice per group. 

^ CT and CT mutants were adminiatered at 1 ^Sf dose* 
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Table 6 

Tha syatsoLic huatorai iiMime reaponBQB of BALB/ c mica 
ijnmim±«ed^ with reoonibinant P4 and P€ proteins 
fonauXated with kautant cholera holotoxina 



Barm Anfci-Native PC IgG Antibody Titora 



d 

. Adjuvant 


Day 0 


Day 21 


Day 35 


Day 4B 


Hone 


< xoo 


< 100 


< XOO 


< 100 


CT 


< 100 


< 100 




54,821 


CT-B 


< 100 


< 100 


875 


7,399 


S29H 


< 100 


< 100 


3,472 


19,638 


EllOS 


< 100 


< 100 




22,415 


£112t) 


< 100 


.< 100 


426 


9.538 


R7K 


< 100 


< 100 


S29 


3,904 




< 100 


< 100 


248 


3,763 



^ The mice were imnunized intx-anaeally {Tin, 10 iil 
volixme) on daya 0, dl and 35.= 

^ Recosnbinant P4 and P6 proteina were administered 
at 5 and 10 /ig per doae respectively* 
10 ^ Anti-retfOBibinant P6 IgO antibody titers waro 

deterxoined by ELISA on pooled sainpleB collected at the 
denoted : tineo * There were S siiee per group. 

^ CT and CT xnutaata ware adminia tared at 1 /iff P^^ 
doee . 
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Table 7 

The nucoaal antibody respoziaeB of BAXiB/c mice 
ittfltaaized* with reaombiixant 64 and Pfi protoiap 
foraulafced with mutwit cholera holotoacina 



Adjuvant 



None 

CT 
CT-B 
B29H 

SHOP 

S112D 
B7K 
RXIK 



Anti-*Reco3Dbinant P4 Antibody Titdra 



KW 



< 5 

< 5 

< 5 

< 5 

< 5 
11 

< 5 
6 



< 5 

< 5 

< 5 

< S 

< 5 

< 5 

< S 

< 5 



BAW 



19^ 



< 5 

< 5 

< 5 

< 5 

< 5 

< 5 

< 5 

< 5 



< 5 
5G 

d9 

176 
144 
48 
56 
34 



VW 



IgA 



< 50 
54 

< 50 
63 

< 50 
564 

< 30 
223 



< 50 

< 50 

< 50 

< 50 
98 
S8 

< 50 
c 50 



° The mice vera ixomunised intranaaally (IK/ 10 ^1 
volume) on days 0, 21 and 35 < 

^ Recoobihant P4 and Pfi proteins wera adminiptarad 
at 5 and ilO fig per doae respectively. 

° Anti- recombinant P4 igG and I^A antibody tltars were 
detazminad by KLISA on pooled aaaplea collected 2 weeks 
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after the last issimiiilsatiozi (day 49) . rrh«re were 5 
adce per group. 

^ NW^ BXWr and W denata nasal %raflhr 
bronchoalveolar waah, and vaginal wash reepectively- 
5 ® CT and CT miittajitfl were administered at 1 /^g per 

dose. 
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pyanmle 7 

The Ismiune ResponBea o£ SM«/e Mice iBmmiaed 

5 HTKi Btratn S86B29S (46] W4B obtained from 

Dr. Charlea Brinton. TJaiyereity ofi Pittaburglv. It waa 
obtained froon the naoopharyia of a child with MCTi 
induced otitis media. OT«i atraia TNlOfi (47) waa 
obtained £roa Dr. Eric Haaeen, ttaiveraity of Taxaa 

10 southw«Btenx Medical Center at Dallas. *. atreptomyein 
resiatant nutant of TM106 was derived by aeleotioii on 
8BI-XV plates containing 100 Mg/«1 atreptoaiyeia 
(Siaaa. St. l-ouia, VD) . This atttant was paaaaged twice 
in the aaaopharynx of Balb/e mice and ftoaea aa atrain 

IS <XK106.F2. 

The Hap, protein from MTKi strain P860295 »aa 
purified as follows. KTBi atrain pa6Q295 was flroim in 
BHI-XV media for 18 hours at 35«C with aeration. The 
bacterial eells were pelleted by centrifugatlon, lOK x 

20 g at 4«C, and discarded. The anpernatantt waa brought 

to 60% aaturation with solid {10l,>,804, held at room 
teaperature for 2-3 houra, and the precipitate waa 
collected by centrifugation. The precipitate waa 
diaaolved in SO m aodiuo phosphate buffer, pH 5,8, 1 

25 aK BDTA. SO aM HaCl (Buffer 1), and was dlalyaed at 4»C 
against the above buffer, A 10 ml bed volume CM 
Sepharoae™ column (Pharmacia. Ptsoataway, WJ) was 
equilibrated with Buffer I, and 30 ml of the above 
soluble material was loaded onto the column at a flow 

30 rate o£ 1 ml/min. The column waa waahed with Buffer I 

until the 0D,„ reached baseline. «he fall-through 
material waa discarded. Bound proteins were eluted from 
the refliii using a three step gradientt (1) sodium 
phosphate buffer, pB 7.0. ImK sorx. SO mil MaCli (3) 

35 eodium phosphate buffer. pH 8.0. 1 »M BDTA, 50 mU Mad, 
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and (3) doditun phosphate bu££Gr, ps B.0« O.B K »aClf 1 
mM StDTA. Proteins eluted in each Bt&g were pooled and 
0aved for anaXyBle. fiM-FAfiS (46) aoalydia o£ pools 
indioaced that th^ Kap, protein eluted in gradient 
5 sbepB 2 and 3* These x>ools contained highly purified 

Hape and were oox&hined. 

Six weak old, £exaale Balb/c mice (ten per 
group) were then inmninized IN with Hapg purified froiin 
KXHi strain P8602d5. The Kapa protein waa diluted in 
10 P-FB8 to 5 or 15 fil with or withofut: CT-CRH|3„. 

Where ueed^ the CT-CfOd^sH was used at a doeage o£ 0*1 
/ig/mouee. Control fozsnilationa containing CT-CRB^^a in 

iJ'^JCHOf i^^jrasi a«)Cn£ «»Z*M ^mTmmaiLa-m ^m^^^^ m£*^tS*^9mm % w*^^ 

NTEi Challenge abrain) mre also administered to the 

X5 mice in 40 $il voltimed. 

Prior to IK immunisation! mice were 
anesthetiaed and then immunised by intranaaal 
inoaulation ot 20 ;il/nostril troA a pipette. The 
pipetto was held so the tip touched the opening o£ the 

20 nostril and the formulation was automatically drawn 

into the noBtril during breathing, the mice were 
placed in a supine position so ooees were not touohixig 
anything after administration of the formulation or the 
challenge.; I!he mice were immunised at weeks Oj 1, 3/ 

2S and 5, Bera were drawn at weak 7. The results are 

ehown in Table 9. 



30 
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Table 9 

Systemic humoral Ismuns reeponse In Balb/c alee 
after intranaeal isnniinization with Hap^ 
a(3mixed with or without CT-CBM^jn 

5 





Doae 


Adjuvazvt 


Anti-Hapa IgO 
EIiISA 


Hap 


s 




1,604 


Hap 


IS 




5,204 


Hap 


5 




4,653 


Hap 


15 




15,111 






CT-E29H 


<500 


IxPBfi 






<500 


:^oxizialin t'ixod 
Tia06,P3 






<500 



ExaaiplQ 9 

10 The Xmune Keaponses of MlM/c and C57B1/6 Mice 

Immuniaed with tho Eecosibinant {x) urease Protein of 

art jtffpJt?aoftg;r ja^ori 

In a first experiioe&t. five BhLB/c adee per 
15 group were inmniniaod aa follows: Savea groups were 

ironuai.aed intragastric ally on days 0, 2, 14 and 16 with 
100 ^g rUrease plus 10 ^g of the adjuvant as indicated 
in Tables lO-ia. One group was imounised with 10 \ig 
ztTrease aubcutaneoualy in the rus^; another group was 
20 iimminiaed with 10 ^g cUrease suboutaneouely in the 

nech; both groups also received 20 (ig of StiBualon^M gg. 
21 aa an adjuvant on days 0 and Iff. The anti-rtJ^eaae 
antibody titera were det emitted by BLISA on pooled 
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aauplea collected on day 28. The IgO results are flhown 
in Table 10 and the IgA reeults are ahowa in Table 11^ 
The mucoaal uitlbody reeponaea to rUraaae were alao 
measured on day 29. Table 12 aets forth the igh ond 
5 IgG titers from bronohoalvoolar and vaginal washee# 

reflpectivcly. 

In a aeoond expertmenti the ability of 
rXTreaoc plus adjuvajit to protect mice against a 
ojiallenge with H. feliB vae aaaeaaed. Ten BALB/c mice 

10 per group vrere immuniaed aa followet Two groupa were 

Ijnsniniaed intragactrically on days 0. 2. 14 and 16 with 
100 Jig rUrease plua 10 jig of the adjuvant aa indicated 
in Table 13; a control group received PBS inetaad o£ 
rUreaae plus 10 \ig of adjuvant. One group waa 

15 immunised aubctttaneouflly on days 0 and 16 %/ith 10 jig 

rUreaae plua 20 |ig of Stimiilon™' OS-21. The onti- 
rOreaae antibody titora were determined by ELISA on 
pooled samplea colleotad on day 26. The mice were aleo 
challenged with throe doeep of 10' felis on days 29, 

20 31 and 34 and were aeaayed for protection on day 44. 

Protection was aaaaased by the rapid urease teat- In 
the rapid uraaao teat, one-half stomach waa incubated 
at 37"C for five hours in 0.5 ml of the urease test 
medium containing 3% of urea and phenol red, a pH 

25 indicator, at 7 tig/ml. Urease activity genorateo 

ajomonium and bicarbonate from urea, thus raiaing the pH 
and inducing a colorimetric change of the aolution with 
a higher abaorhanoe at 550 nm. The level of ureaee 
activity was measured by apeetrophotoaetic analysis. 

30 The test was considered positive for feJis when the 

mean of the abaorbance values were two standard ; 
deviations above that of those obtained for the gastric 
tissues of nan- infected mice. The repults are shown in 
Table 13. 
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In A third experixoentf two groupp of C57B£i/6 
mice (five per group) ware ijmmmiEed intragaetrioally 
on day0 0, 2, X4 and 16 with 100 (ig rlTreaae plus 10 |i9 
a£ tha adjuvant ae indicated in Tabla 14. A third 
5 srroup was immunisied duhcutaneously on days 0 and 16 

with 10 }ig rUrease plus .100 \ig alum, X fotirtli groiqi 
was iraauniaed intragaetrically on daye 0/ 2, 14 and 16 
with 100 Jig rUraaae, but without adjuvant. The anti- 
Urease antibody titoro wore detcnainad by ELlfiX on 
LO pooled flaiitt)lee collected on day 28. Table 14 seta 

forth the IgA and IgO titers from eera, bronchoalveolar 
wash, feoal pellet extract and vaginal waohr 
reapectivaly. 

In a fourth ©xperiaent, five C57BL/6 aioe per 
15 group wore laBouniaed aa followaa Three groups of aico 

mra irmuniaed 10 on daye 0, 2. 14 and 16 with 100 [ig 
rtfreaae plue 10 ^g of the adjuvant as indicated in 
Table 15; a fourth group received no adjuvwit. Th© 
anti-rtJrease antibody titers were deterwinod by ralSA 
20 on pooled aawplefl collected on day 29. The IgA and Xg(^ 

results aro shown in Table 15 • Table IS also presenta 
the IgB (PCA) and total IgB titers, PCA denotes that 
the igSl antibody titers were deternined by the passiva 
cutaneoufl anaphylaxis reaction • The PCA was parfonaed 
25 on fejnale Spragua-Dawlay rata. The rate ware sadatad 

with ketamine/xylaalne, shaved, and injected 
intradenpally with 0.1 ml sera (serially diluted four- 
fold) from CS7B1/6 mice iamuniaed with rtXreaee 
foxattilated with either CT, LT, or CT-CWflaajg- 
30 were sedated 48 to 60 hours later and then Inj anted 

(0,1 »1) intravenously via the tail vein with 2 Jig 
rUroasa in PBS containing 1% Evan'o blue dye. 
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Table 10 

the effect of CT-CBMs on the genexatioti of s/atemic 
aati'lTrQMe XgQ antibody titers in BAXiB/c nice 



Anti-Recoslbinaat Vreaae igQ Antibody 

Titers'* 


Adjuvant** 


Rout©*^ 


Mean 


SE 


CI 


IG 


234,010 


43,316 


S29H 


XG 


131 r 032 


$4,183 


S7K 


ZG 


17,692 


9,271 


RllK 


lo 


25,502 


11,413 


SHOD 


IG 


22,259 


8,571 


E112D 


xo 


8,784 


5,208 


CT-B 


IG 


47^060 


38,991 


QS-21 


ac-R 


4,038,430 


1,702,556 


QS-21 


SC-K 


5,609,764 


353,824 



^ The geomatrio measi anti -recombinant Urease antibody 
titeria were determined by SLXSA on aerum aamplas^ 
collected on day 28. There vera 5 nice per group. 

^ The ndee %rere imnuniBed with 10 /ig rUrease 
IC subcutaneously (SC) in the xm^ (R) , or neck (M) on 

day0 0 and 16* Mice laasuQiBed intragastric ally (tG) 
received 100 rureaae on days 0, 3, 14 and 16. The 
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adjuvants w^re aither Btlaulon™ QS-21 C20 Mff) • CT (1.0 
fi0 * or CT Biutanta (10 /tg) « 
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Tabid 11 

The effect of CT-CRMb on the generation of ayetemld 
aiiti-Urea»« IgA antibody titers in BhUB/c xaice 



10 



Anti^Recontbinant Urease IgA Antibody 




Tltara* 




b 

Adjuvant 


b 

Route 


Kean 




CT 


Id 


2t529 


584 




lO 


1,013 


426 




IS 


92 


15 


R113C 


IG 


1S3 


39 


EllOD 


10 


351 


137 


E1X2D 


to 


232 


93 


cr-B 


10 


455 


2B0 


QS-21 


BC-R 


5,675 


562 


QS-21 


SC-M 


4,753 


528 



^ :ifbe geomefcrio zaean antl-recombinant Urease IgA 
antibody titers were determined by ELISA on aenun 
aamttlea collected on day 28 • ^Thero were 5 mie« 
per group. 

^ 'iha inioe were inamiaiaad with 10 >ig rUreaae 
ffubcuhaneously (flC) in the r^mp (R) . or in the neck 
(21) on daya 0 and 16. Mice isaninised 
intragastrically (10) received 100 /ig tfUreaeo on 
doya 0. 2, 14i and 16. The adjuvanta were either 
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Stimiilon™ (20 ftg) , CT (10 lig) * or CT 

derivativae (10 ^) - 
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Table 12 

Tha effect of CT-.CHKfl OA the generatioa of anti-Wreaao 
IgA antibody titere in the mucosal eecretioaB of BAM/e 

nice 





Anei-Reco»binant Urease Antibody 










ft 

Titexp 












VI 




Q 

Adjuvant 


Route*' 




IgQ 


Iff* 




CT 




Id 


387 


1005 


3r471 


464 






IG 


63 


317 


2r095 


265 


R7K 




Z6 


< 5 


27 


79 


42 


RllK 




IQ 


7 


62 


29 


21 


SllOD 




la 


13 


98 


217 


84 


E112D 




10 


< 5 


17 


991 


108 


CT-B 




10 


65 


312 


140 


6C 


Q6-2X 




SC-R 


6 


9816 


809 


10.272 


QS-21 






11 


10,545 


235 


€,237 







10 



* The anti-tforeaee igo and Iga. aaeikody tttera «ere 
(Iet«nalBed by BMfl* on pooled oaapleB collected ea 
day 29. Tbore were S mice per group. 
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" HA« ana VW denote brpachoalveolar and vaginal wash 
raflpaotively. 

me miee wera iaaauniMd with 10 w rureaae 
suboutanaoualy (flO i« the ruap (R) , or in the ueck 
(M) on ctaye 0 and 16. . Kice iiB8unia«d 
intragastrically (IG) reaeived 100 MS rOreaae on 
days 0, 2, 14. and 16. THe adjuvants wexa •itber 
BtiBMlon™ QS-21 (30 itg) . « (10 m0) > 
dsrlvativee (10 (ig) . 



10 
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Table 13 

The generation of protective iOTnine reapoaaea i» 
BALB/c mice imnml.ed with reconibiaiaat urease 
formulated with CT or CT-CHMj|„a 



10 



15 





IgA TIT 






b 

Antigen 


Adjuvant*' 


Route 


fiera 


BAW^ 


Ho. 
Protected/ 

Total 1%)^ 


PBS 


CT 


ZG 


<100 


ND 


2/10 (20) 


r Urease 


CT 




a, 730 


11 


3/lC {80} 


r tJreaae 




XG 


1.225 


124 


8/10 (BO) 


r tJreaae 


Qd-21 


ec 


14,317 


7 


3>10 (30) 






in) 


<iao 




1/10 (10) 



^ The anti-rBCombl«xant (r) uxaaBe IgA antitoody titero 
wero dDtenninad by ELISA on pooled Bmpl^n collected on 
eUy 28. There were 10 mloE per sfroi^- 
^ Hice vere lfflnnmi»ed ii^tragastricaUy (IQ) o« «iay«« «. 
2 14 and 16 with 100 f»g r urease per doaa. Control 
J.ce were injected 8«bc«tanecuflly CSC) on d«yo 0 and 16 
%»ith 10 fig tUteaflB per dose. 

« me rurease was fonmHated with either 10 w CT or 
CT-CRM per doee. or mixed with 20 Mg fltiaulon™ QS-21 
per dose. 

^ BAW denotee bronchoalveolar wash* 
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^ The mine wer» challenged with 3 doflfio of lo' fi. iclie 
oa days 29, 31 »ad 34 and aflsayod for protection an day 
44. Protaotton wao asaeBaed by the rapid \Lreaae teet. 
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i 

-H 

1 



0 
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Table IS 

Th« goneratioa of ureaae-.peelflc igS antibodiee la tha 
ciraulatton of CB7Bl/e »lce iaauni^d with reco»binant 
ureaae prepare with eitter CT. LT, or CT.CH««„ 



10 



15 



20 





Anti-rWcas© Antibody Titci 


a 


^ - 

Adjuvant 


IgA 


IgG 




Total 


NOHB 


732 
2,504 
4,039 
5,251 


30,591 
436,373 
477,098 

670,007 


<4 
32 
16 
64 


ND 
1591 
BBS 
3589 



* TIM. endpoint IgA and IsO antibody titaxs wera 
datenalned by ELI8& on pooled serua wles collected 
on day 29. There *ere 5 mloe per group. 
^ The mice i^re ijmniniaed intragaatrically with 

J n a 14. and 16- Xhe adjuvants 
100 w rUraafle on days 0# 2/ •>•*» * 

were 10 ftg CT, CT-CBK„„ or LT. 

« PCA denote- that the IgB antibody titers were 
deteminad by the paaeive cutaneoua anaphylaxis 
reaction. The PCA waa performed on female Sprague 
pawley rata. The rata ware sedated with 
keta-iue/xylaaine, ahaved. and injected Intradermally 
with 0.1 »1 aera (aerially diluted 4.£old) from C57B1/6 
alee Innnuniaed with rUreaee formulated with either CT. 
LT. or CT-aai„„. The rata «te aedated 48 to 60 houra 
later and tb«i injected (O.X »1> intravenoualy via the 
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10 



15 



20 



25 



30 



tail vain with 2 W rUreasa in »B8 oontalninS 1% 
Bvaa's blue dye. 

^ The auBibera are 1» rig/wl. I© denotas not datacted. 

The lauaune ReBponfteS of SwIbb -Webster Mice 
iBP^ized with aacoinbiaeiit Claea 1 Pilin and Claaa 1 

in a first ajcperiaent. 6-8 week-old BwIbb- 
WebBter mice (15 per group) were iaanuniBod IM HO Jil) 
at weeks 0. 2 and 3 wltb 5 w, of purified reeoabi«mt 
alaaa I pili» <rpilt») foraiilated with CT-CSH„,„ (O.i 
or 1 w/mouBB) . Senm BBBplea, broacdwalveolar waBhaa 
(BAW) . aaeal vaehea (IW) and vaginal waBbea (VW were 
collected from five nice in each group for 
detenttination of aerun and inucoaal IgA and IgQ 
antibodiea apacific to ff. «eaingltidls pilin by SLISA 
at week 4- The raaulte are preaeatad la Table 16. The 
reBainiag ten mice in each group iBmBiniaed in parallel 
were challenged IN with 2 X W CFUb of the hcaologouB 
H. aeniagitidlfl etrain H35SP-.p2IE Ipaaaed through 
infant rate twice) at week 4. Recovery of a«»"P = «' 
meaingitidia from naa^ tissue 24 hours poet-ahallenge 
waa deternined by guantitatlve culture, as shown in 
figure 2. 

la a eecond experiment, the protection o£ 
rpilia formulated with CT-CM«„,b affalaBt a hoaelogouB 
aenlngoeoooal strain was coBpared to that of av-COi^^ 
admixed with an unrelated protein. KLK. Qroupa of five 
SwiBB-Webster mice (six-week old) were imaunised IH (10 
m volume) with 5 Jig of rptlin with or witJiout CT- 
CB««„ (0.1 Rg) , or with SorA H3SS with CT.CB««»h (0.1 
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10 



IS 



20 



35 



30 



^g, at weckp 0, 2. ^ 3. Control groups *«re ei^er 
non-temuiawd (nalv group) or IK iaauni-ed -xth JOB (S 
(ig) plus CT.C8K„,.(0.1 w) . The endpoint antlbotfy 
tltero wsre dete«»ined by wbole cell and a«tlge»- 
Bpeoifia SI.I8X on pooled -enm Baaples collected at 
week * befo« challenge with 1 » lO' CF^'" 
meningococcal strain B3SSP'. The results are presented 

in Tables 17 and 18 . , ^ . 

In a third experiaent, the iwnnnogenicity of 

meningocoocal PorA formulated with CT.C»«.„.for IK 
i».«aiaation waa aasessed. Fiva Swiea-Wabster mice per 
group were l«uni«ed m on weeks 0, 2 and 3 with 20 
ug/dose PorA £r« Maningo=ccc«l strain H44/76 with « 
without CT.CEK„«(1 .»g/*'«> " ^^^'^'^^^^ in xabl. «. 
Th« anti-PorA H44/76 antibody titers and whole call 
ELiai. for IgG ware assayed on pooled aerua and mucosal 
Bangles collected at w.ek 4 of the experiment. The 
reflults are praaented in Table 19. ^ 

in a fourth experiment, the ability of rpHin 
and PorA adjuvanted with CT.CRM.,«to protect adoe 
against the challenge of a haterologoua strain of 
menlngococei was assessed. Ten 8wiss-Webster miee per 
group were innunised IN (10 Jil volume) *ith 5 (ig of 
either rpilin. strain H3 53. or PorA from 

strain 870227, formulated with M-Cl«««„(0.l |ig) at 
weeks 0, a, and 3. Control groups were either heat- 
inactivated meningococcal strain 870227 whole oeUs or 
K» (5 pg) plus CT-CRM„,h(0.1 I^)- The endpolnt IgC 
and igA titer- were determined by whole cell and 
aatigen-Bpacific 8I.ISA on pooled serum aaBples 
eollLted at week 4 bsforo challenge with the B70227 
Btrain. -the results are presented in Tables 20 and 21. 
The bacterial reoo^ary from nasal tissue waa ^-^^^^ 
by quantitative culture 24 hoars after challenge with 
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75 



10 



15 



□train 870227 and was expreesed aB Log„ CJU ± Btandard 
deviation. The ranultfl are flho«i FS-Sura 4. 

A fifth ejtpariBent tob conducted to eacaaine 
tha potential of CT-CRM««aB an adjuvant for 
. parenteral Imsuaiaation, Oroapa of 10 fc«ale SwiaB- 
WebBtor mice, 5-6 weeka old. t»ere iantuniaed 
BT^eutanBoUflly with 5 Mf of BorA H355 formulated vith 
either CT-CBM«« (10 ng ) or OTi." (100 jig ) at w^oka 0 
and 4. control groupa were l™«ini«ed aub^utaneoualy 
with haat-inaetivated neaingococcaX 870227 whole cells 

or KM {5 tig) pluB MPL- (100 Hg) • 
challenged IH with 1.2 x 10' CFOs of meningococcal 
dfcrain S7022? at 6. Twenty- four houra poat- 

ohallenge, mice were sacrificed and naaal tiaauea were 
hoaogeniaed and plated on aelective medium. Coloniee 
ware counted after incubation at 37"C overnight and 
axpraaaed aa Log„ CPU ± atandard deviation. THe 
raflulta of fchia ejtperlaent are preaented in Table 22 
and Figure 5. 



20 
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Table 16 

Adjuvant e££«etfl of CT-CRltaBBO^ Byatcmic wul 
(Claes I H44/76) ia fiwieP-Wobater mioe 



rPilln 
(O-lJlf) 



rPilin + 
(1 




<5Q <Sfl 



c50 <50 



<S0 <50 



876 (9,013 



2,209 209,228 



4.089 1.344,776 



4 41 



<2 19 



41 540 



23 2 



34 40 



75 4S 



37 17 



61 51 



135 216 
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Table 17 

Thfi e££eot of CT-C»M«,» on the inwuae roMponac 
ttoningococcaX »tigon0 in Swiflfl-Wobster mice 



Total Sera IgO o£ itoiingoeoccal 
B Tftiole Cell ELISA 





B355P* d train 
Wk 0 wk 4 


Wk 0 wit 4 


H5B2 0 train 
Mk 0 Hk 4 


5 Jig rPllin 


175* 2i371 


294* 639 


137* 2,375 


5 |ig rpllin * 
0-1 Hff CT-CHM^5„ 


3.7S* 54,965 


294* 2,702 


137* 21,862 


5 |ig ForA+ 
0.1 W CT-C»M>„tt 


175* 10.156 


294* 9,136 


137* 5,733 


0-1 |ig CT»caM„,p 


175* 192 


294* 230 


137* 100 



10 



♦ repxefloat week 0 pooled aaaploB from all groupB 
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Table 18 

e effect of CX-OM^^ oa the iaauae xsBpo&ee to 
mealagococoaX aatigetta in Bwiae-WebaBer nice 

Anti-ePilia and aati-PorA aatitody 
SLZBA titers oa pooled aanplea 



Qroup 


rPilin 
Sera IgO d^ta igA 
Wk 4 4 


Claea I H355 
Sara IgG flera IgA 
wk 4 wk 4 


S ^9 rtllin 


B,B40 <50 




S rPilia + 

0.1 crr-CRMgjjs 


149,231 B50 


130 <SD 


5 |ig PorA sa55 -f 
0.x |ig CT-CBM|3IB 


<50 «!S0 


X3j755 60 


5 KIiH + . 
0.1 M CT-CRMajg 


<so <so 


<5Q <50 



10 
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inawme reBponaoe of fiwisa-WebBtep mice iamnmlMd 
intranaoally with neningoeoccia PorA and CT-CSMmm 



Anti-PorA B44/76 Antibody literfl 



group 




Sera 






NW 




VK 








iqX 


igG 


zgA 


xga 


XgA 


igO 




20 (ig PorA 


WCS 


1,530 


ND 


KD 




KD 


HD 


ND 






PorA 


1«220 


<5a 


<3 


<2 


<2 


<2' 


<7 


<7 


20 PorA ♦ 


HCB 




NO 


HD 


IVD 


>{D 


WD 


2in> 


BD 


1 [ig CT-CRMuis 


PorA 


17.673 


<so 


5 


<2 


<2 


<2 


<7 


<7 



tll> B Ko data 

WCB =» whole cell BLISA to H44y7^ otraia 
PorA e PorA H44/76 epeeiflc BLiaA- 



1 
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Table 

I^une reflponses of ewlfin-Webater mice i^iwnixBd 
intranaeally ^ith hetarologoufl and hcwiolggouo 
maaingococcaX PorA and rPilin with CT.CRB4,„a 



670227 



tfC 

K3S5F 



PorA 
K355 

PoxA 
870227 



5fiKum 
at 



IgQ f.ifeer* 3BV BLIgA in mice immmlged with 



0 
4 



0 
4 



4- o.l|ig 

CT-GRM„« 



<1Q0 
35G 



257 
310 



145 

585 



<100 
<100 



<10D 



5ng rPilin 



<:1D0 



257 
3.68*7 



146 

1.999«530 



<iao 

673 



<xoo 
<ioo 



PorA 
4- o«iiig 

CT'CSMnsa 



5|ig PoxrA 
870227 

t o.ifig 



<100 
7,088 



257 
5,140 



I4fi 
<100 



<100 
29/770 



<100 
10,020 



<100 
24.815 



25 ^g HI 

370227 
* o.l|ig 



257 
3.930 



146 
<100 



<100 
19.009 



dOO 
23^045 



<100 
74,930 



257 
5,933 



146 
clOO 



<100 
463 



<100 
5,935 



10 



• Week 0 titerai are poolB fircm all groupfl- 
VC c Vhole Call 
HI o Hoat- inactivated 
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Table dl 

ra.pcn«eB of Swia.-Web.tar ^-^^ 
intr«..ally with hot«ol«ouB and hc«olog<«« 
«ni^ococcal PorA and rPlUn «ith CT-CHK^« 



5jj.g PorA 
H355 



5^3 porA 
CT-CHHci«H 



25 mr Bz 

870237 




10 



• 19eek 0 titerd are pooU tram all groups- 
WC « ^ftiolo Cell 
HI m Heat-iaactivatfld 
^ e Slo data 
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table 22 

X. menlngitidiB Sactsricldal Activiby from uouae 
sera rabcutanmuBly issuxnised with PoxA 
with CT-CfWei,K °' ^^"^ 

5 



House sfira 


K355 


870227 


2CLK <5^)« IdPL"" (100^) 


<25 


<25 


H3S5 cla«0 1 OU» {S\Lg), KPL"" 
(lOQ^g) 


20Q 


<25 


w)c5«d6 

670227 clasd 1 OM? (Bflg) , 
MPL™ (lOOjig) 


<2S 


100 


hOBt-inaGtivatGd 870227 WC 
CaS^ig}/ KFZi"' (100(19) 


25 


200 


B355 olaea 1 OHP (Spg) , CT- 
CSUsit. (lOfig) 


<2S 


<25 


wkO pool 
negative control 


<10 


<10 


paaitive control 1 


200 


nd 


positive control 2 


nd« 


400 



* nd e not done 

Conplement used 2 Human t7a4-d7 

10 

The Xssznme Responses o£ BALB/c Kice Ixcimuiiised with 
the Purified tTativa Fusion (F) Glycoprotein 
of Rcgt>iraborv fivncytial Virus (RSVl 

15 

Za a first est^jariiaant, fi-B week old BALB/c 
miae (5 mice/ group] were inmiunized intranaoally (10 
at weeks 0 and 14 with 3 pg of purified loativo 



protein, tonnuxacaa men cx-»J«iaj2SH ^ *^ 
^g/fflouee) , wild-type CT (1 iig/mouse) , CT-B (1 jig or 10 
jig/ffloUfl©) or no adjuvant. Eadpolnt IgG osd igA 
antibody titeru were aeeayed, by StiXflX, on day 24 of 
the axperifflont. Titers were obtained from eara/ 
bronchoalveolar lavage and vaginal wachea. The roaulte 
are prepented in Table 23. 

in a flGCond eatporlment, 6-8 week old B&LB/o 
mice (5 mice/group) were pra-i&niUttiaed intranaeally (50 
\iX) with oithor wild-type CT (1 w/mouBe) or CT-CRKeibk 
(1 ^lu/lBOllBc) on daya O and 14. Control groupo were 
not pre-iOTDUniaed. Tberealter, on days 28 and 42, all 
mice were immuniaed intranaaally with 3 jig o£ P 
protein faimulated wltb tHe same; amount o of CT or CT- 
CRMkisb- The endpoint ^tibody titers were determined 
by ELISA on pooled eampleo colleated on daya 56 laera) 
md 57 (bronahoalveolar and vaginal wash fluids) * The 
results arc praflented in Table 24. 

In a third oxperlment, naive female BALB/c 
mice (6-8 weeke> 5 mice/group) were iannuniaed 
intranasally (IN) at weeks 0/ 1 and 2 with purified 
native fusion <F) protein from MV Al. IfflEOuniaatiOttfl 
were prepared by formulating F protein {3 lig/mouse) 
with CT-CRMBa,a (3. \ig or 10 Jig /mouse) . CT-B (1 \ig or 
10 fig /mouee) or alum (100 ^ig /mouse) . The vaccine 
wa^ admiaiatered intranasally by allowing anaaathetiaed 
mice to breathe in the vaccine placed at the tip of tha 
nostril. ' Total volume per doss was 10 Jil per mouse 
(in Table 25), at weeks 0, 1 and 2. Control mice 
received intramuacular primary immaniaation containing 
F/AIOH, or received primary and secondary iamunisationfl 
of live RSV Aa, delivered intranasally- Systemic 
humoral innmine ' responaefl were assayed, by SLXSA, nine 
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days (for Tablea 25 and 36) popt-tertiary inommlBatlon. 
Bronoboalveolar lavage, vaginal and aaoal waabea were 
also collected and utlliaad in the charaeteriaiation of 
muooaal antibody responaeB. Spleens from inammiaed 
5 mice werfe uaad to assay antigen- dependent killer cell 

activity against KSC-compa table RSV-infeoted target 
cells. A oecond cohort of mice, that bad recaived an 
identical immunization schedule, was challenged with 
live RBV. Protection of lunfir coinpartmentB within this 

10 cohort waa flubaequently analyzed at fo\ir days poat- 

challenga by determination of virus plaques in 
collected homogeniaed lung tiastie. Statistical 
analyses were porfonned using ANOVA, The resulta are 
presented in. Tables 25 and 26. 

15 ;Cn it fourth experiment* BALByb mice were 

imnuniacd intx^toasally at weeta 0, X ind 2 with 
purified RflV F protein (3 |ig/mouBe) in cosobination 
with CT-CRMgasa (1 w or 10 Jig/mouse), CTB (IJig or 10 
jig/mouae) on PBS. As a control, mice also received 

20 intranasal delivery of RSV or- intraanisular delivery of 

P/AIOH. S^leiaocytes were isolated nine days post- final 
imnuaijiatit^ and Btinmlated in vitro with syngeneic 
RSV^infeotcd atiuulator cells. After six daya In 
culture, antigen- dependent killer cell activity waa 

25 deteriBlned by quantitation of "Chroaaium release by 

RBV-infeoted target cells. The results are presented 

in Fig^re 6» ; 

la k fifth experiiaent, a viral protection 
assay, the l^ff coroartaents o>£ iamunisted mioe were 
30 isolated fouriidaya after challenge with live RSV, 

hoanogeniBod, and quantitation o£ infectioua virus was 
performed. RALfi/c mice were iannmiaed intranasally 
with vaccinae containing purified 7 protein from R3V 
and either CTTCRK,aBg, CTB or pBS. Groups of mice were 
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also inncuniaed intrtunuocularly with r/AlOH aa a 
control. Bight dayo after final ianmniaation (three 
wacko post F/AIOH vaccine) , aioe ware challenged with 
live 5SV- Four days later, pulmonary tiasuefl wera 
5 harveated and utiliaad in the quantitation of 

infectloufl virus. The reaultfl are preaented in Figure 
7. 

In a eiJCth experiment, naive feaaale BAU/c 
mice (€-8 weekc, 5 mice/group) were immunized 

10 intranasally (IN) at weeks 0, 1 and 2 with purified 

native fuaion (F) protein from RfiV A2. Inauniaations 
ware prepared by formulating t protein (3 iig/nouae) 
with cl?-CTK>a9j, (1 jig/fflouae) or alum (100 ng/wouae) • 
The vaccine was adainieterad intranasally by allowing 

15 anaeethefciaed mice to breathe in the vacoiae placed at 

the tip of the nostril. Total volume per dose was 5 
\lX per mouse (in Table 27) . at weeks 0, 1 and 2- 
Control mice received intranuaoular priaary 
imwaiixation containing F/AlOH, or received primary and 

20 secondary iamuniaatioao o£ live RflV A2, delivered 

intranasally. Systemic humoral iamuna reopoaBoa were 
aasayed, by BIilSA, two weeko (for Tablaa 27 and 28) 
poBt-tertiary lOTWunisation, Bronchoalveolar lavage, 
vaginal and nasal waoheB were aleo collected and 

25 utiliaed in the characteriaation of mucosal antibody 

responsoB. Spleens from iawuniaed mice were used to 
aeaay antigen- dependent killer cell activity againflt 
MKC-o«npatable RflV-ift£ected target cells. A second 
cohort of mice, that had received an identical 

30 iomuniaation schedule, was challenged with live RffV. 

protection of lung compartments within this cohort was 
aubaequently analysed at four days post- challenge by 
determination of virus plaques in collected homogenised 
lung tisBue. Statiatioal analyses were perforwad using 

35 AMOVA. RoBUlta are preaettted in Tables 27 and 2B. 
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tn a aeveiith experiment, tha protoaol from 
the fourth oxporiniexit Md again utilised to determina 
tha aiitigm-dependeat CTl< sictivity to RSV-in£ected 
target calls. The results are preaentad in ?igura B« 
5 In an eighth axperiment« another viral 

protection aasay, BAIiB/c inica (5 miae/group} urere 
iimmmised intranasal ly with formulations containing 
purified MV P protein, with or without CT-CRMg^j^. 
Groupa o£ mice were al^o immunized intraznuscularly with 

10 F/A103 and left unifliaunizsd (naive) as a control. Two 

weeks after final imauniaation (four weeks poat-F/AlOH 
adiiiinistration)^ all groups were challenged with live 
RBV. Four days later, pulmonary tisBues wore harvested 
and utilised in the quantitation of infectious virus. 

15 The results are presented in Figure 9. 

In a ninth e^erinentf a three doee protocol 
was en^loyed to investigate the adjuvant response of 
CT-CRMgagji in inore detail- Grottps of five BALB/o mice 
were ivunmized IN (5 at weelcs 0/ 1 and 2 with F 

20 protein (2 ^ig) . admixed with either 0,01, 0.1 or 1.0 

\kg CI^CMsjm* Control nice were primed at day 0 with 
F/AIOH (intraiQUSCular) or R5V A2 (IN) . Serum antibody 
titers were determined two weoks poat-tertiary 
iittnuniaation. The results are presented in Table 2d. 

2B Data are presented as the log^o geomatrio oean antibody 

titer (± 1 SD) • Similar reaulta were obtained in two 
separate studies. 

After IN iamnmization with V/CT-Cm^^^, the 
mice in the ninth experiment were also tested for their 

30 local antibody responses to F protein. Hucosal wash 

samples were taken from mice sacrificed two weeks poat- 
tectiory ismnanization and analysed for anti-*F protein- 
spacific IgG and IgA by fiLlfiA. The results are 
presented in Table 30. Data are presented as the Icg,^ 
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ot the geometric mean endpoint titer that resulted in 
an GO^ic 0.03. Siailar reeults were obtained in two 
separate dtudiefi. 

In a tenth ea^eriincint, in order to 
5 investigate the Cunetional capacity o£ th^ humoral 

isumme responses induced by T/CT-CMg^^^ izmaunizatlon, 
sera were tefited in a plaque reduction assay for 
neutralising antibody titers to RSV A2. The results 
are prasented in Table 31. Geometric mean neutralising 
10 antibody titers (log^^) were deteznined on Individual 

sera (five mice per group) in the presence (-fC) and 
absence (-C) o£ 5% guinea pig serum as a coispleiaeiit 
source. Similar results were obtained in two separate 
studies. 

15 Xn an eleventh experiments mice (five mice 

per group) raceived IN Imunisations o£ P protein 
fozxaulated with 0.01, 0.1 or 1 |lg o£ CT-C2U^)j, on days 
0^ 7 and 14. Control mice ware ixamuniaed with F/AIOH 
(intramusoular) or RSV A3 (IN) . Xmunised mice were 

20 challenged two weeks after tertiary imnmniaation, In 

order to determine the ability of F/CT-CRHb))^ to 
protect againat cubae^ent infection. Four days post- 
infection, virus levala were determined in homogenized 
limg and noBe tiasuefl o£ individual mice* The results 

25 are presented in Table 32. Data are presented as the 

geometric mean virus titer per g of tissue (t l 
standard deviation) - 



21 Aug. 2000 16:43 



No. 5075 P. 16 



wo aO/lS434 



I'CTA;599/aslO 



es 




V 

a 
a 

o 



C 
0 



g s 



tt 
U 



D 



K 

O 
H 

Id 
H 
m 

H 
I 







lO 


H 


CM 






o 






fi 




o 












V 








in 


cn 




M 
























H 


H 








111 






n 










rl 


H 


a 






H 




H 


V 


ci 




M 




c« 






tf> 


in 






in 


u 






N 


ci 


n 


c< 




@ 






V 


V 


V 


w 


V 




1 
















m 




in 


o 




H 




o 




01 


c< 




ea 




cn 


H 




H 


V 




r« 






^ 






o 




in 




ft 














o 


00 










U3 




n 


flO 




M 


V 




























0 
































V 
















CO 




















a 


o 


0) 


C\ 




m 






o 


a? 


n 


m 










H 


H 


(0 


n 


m 


CM 






V 




« 










ff 






H 




00 












CO 




r-f 


ri 












H 


ri 


lA 






























0^ 


"Si 










1 




tn 
















zL 














o 




o 








a 




H 


rt 


H 




s 


















0 


H 


n 




tc 












1 








% 


1 


jCT 






pq 


M 
M 



■a 

3 



•3 



O 



H 



0) 
rH 

8 



I 

6 

0) 



I 

0) 

(4 

o 



41 

••9 

c 

Id 
O 



m 



iq in 

a I 
II 



a o 



23.Ao«.2000 16:44 



No. 5075 P. 17 



VVO (NMS4J4 PCT/US99/32S20 



89 - 



I 

o 

V 



9 

H 



21AUS. 2000 16:44 



No. bOy& ' F. 18 



wo CO/18434 PCT/USS9/22S20 



90 - 



U > 



O 



o 

I 



o 
u 
a 
M 

S- 



41 

CB 



O 

o 



a ^ 
ft A 

•H 



0 iJ 



J) 

0 
u 

P4 

§ 

I 

I 



H 



V) 



in 

V 



H 
ID 

n 
to 
n 



H 



H 



P 
o 



H 



O 

o 
o 

H 

V 



OD 



I 



a 



23. Aug. 2000 16:U 



Ho. 5075 P. 19 



WO00/1S434 



rCT/U$99y22SZ0 



§ 

^ Oft. 

g V ^ 



o 



o o 



•9 a 5 

g J5 • o 



. ft o 

U 4i O 
L» iH H 



I 8 

•d -d 01 

5 ^ 



8 
S 



5 



s 

w * * 

^ 8 5 



- 9X • 



Aug. 2000 16:45 



No. 5075 P. 



wooon8434 Pcr/LS99;ais2o 

" 92 - 



Table 25 

Syatcmic Ijwmme RespooBee of BALB/c mice innmmiaed 
Intranaeally *ritb MV P protoia and CT-CMJtaw 



Anbi-F Antilsody Titers 



Group 


Xnnmmogexi 


IgO 


Igdl 


IgQ2a 


IgA 


776 


10 ^29H 


<I00 


<100 


<100 


<100 


777 


1 (10 E2dE 


+/- 
32,646 


♦ 

27,002 


+/" 

1,027 


+/- 
2,Q31 


778 


3 Vig F 
10 \ig 22 9H 


+/- 
75.6B8 


+/- 
29,659 


+/- 
13,508 


+/' 
10,909 


77 9 


3 }ig 

1 CTB 


46,742 

w- 

32,987 


*/- 
14,985 


3,658 


+/- 
614 


760 


3 lifiT P 
10 [Xg CTB 


110,154 


34,596 


+/- 
11,016 


XI f 579 

+/- 
7,346 


784 


?BS 


2,171 

4/- 
1,921 


+/- 
743 


<100 


<iaQ 


785 


3 Jig P 
100 ^g AlOK 


+/- 
16,994 


2,348 


<1000 


<X00 


907 


MV A2 


52, 749 
a3|5S7 


-I-/- 
4,286 


+/- 

2,826 


+/- 

2,350 



p<0,05s 777 to 780 versus 784; 780 vfl 779; 777 to 760 
Vfl 785; 777, 77B, 780 Vfl 907 (779 VP 907 p«0.7) 
10 p>O.OS: 77B vfi 777 (p=0.125); 
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p<0.05i 777 to 780 va 784; 777 to 780 vfl 907; 777 to 
780 VB 785 

p>0.05: 781 to 780 V0 907 



p<0-05i 777 to 700 V» 784 
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Table 36 

Mucosal lamnine ReeponseB of fiAIiB/o mice ianauaiaed 
Intranaaally with RSV F protein and CT-CBMmsic 

Anti-P Antibody Titcra 

Group 

igG IgA Jgq igA iflC igA 




3 Lig F 

777 V.,» 463 <2S 253 3855 <25 237 
B29K 



778 / ^ 370 <25 239 848 491 2« 



3 |ig P 



779 . \. 137 <25 298 426 77 272 



+ 1 
CTB 



CTB 



784 %Bs' «2S OS <25 78 <2S <35 



785 ^ 

AlOB 



^ ^ <25 <25 <25 <a5 <25 



907 RSV A2 2870 1126 167 738 172 170 
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TablQ 27 

gyatemic Ixmmine HeBponsM of BAtiB/c mice Immuxtlaed 
tntranaaaXly with RSV P protein and CT''CM^29h 



Anti-S Antibody Titers 



Group 




tgQ 


xgol 


I^G2a 


Xgk 


250 


3 Jig F 

PBS 


<100 


<100 


<X00 


<100 




3 |ig P 
I \iq B29tl 


3i5/878 

*/' 
131,746 


+/' 
40,970 


+/- 

16/475 


+/- 

1,458 


as7 


1 E29H 


<100 


<10Q 


<100 


<10u 


25B 


3 yig F 
100 \ig 

AXGK 


52,023 


+/- 
27,491 


4,205 


<10Q 


259 


HSV A2 


+/- 
50,247 


+/- 
5,206 


+/- 
4,924 


+/- 
344 



gpr total ItfQ; 
p<0«05i 256 VB 250 and 257 
p>0«05; 256 vb 258 and 259 
10 ^ar laai: 

p<0*05: 256 vs 250 and 2S7 
p>0.05: 256 V8 25B 
For I^G2fl 

p<0.05i 256 VB 250, 257 and 258 
15 p>0.05i 256 VB 259 

For XggA 

p>0.05s 256 VB 259 
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Table 2d 

B^uaoeal Xsnitune RasponfleB of BAIiB/o mice imBunised 
infcranaflally with RSV P protein azid CT-CMtajM 

Anti-F Antibody Titers 



Xxnmunogen BAL poole W poola NW poole 

Group 

XgO XgA XgQ XgA IgG xgA 



3 Mg s 

250 <25 <25 <25 <a5 <25 <25 



3 fig r 



257 1 B25H 



<25 <2S <25 <25 <25 <25 



3 tig P 

25a ioo ^g ''^^ 



AlOH 



259 21SV A2 347 <25 172 1,449 305 <25 
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Tabla 30 

Anti«*7 l?roteisa Antibodies i» the MlicobslI Fluidd of Mica 
InauniBed with F Protein Formulated with CT-CBMoim 



Immunogen 


BAL 


vw 


NW 




igA 


xgG 


IgA 


Igd 


IgA 


F/PBS 


<1.4 




<1.4 


<1.4 


<1.4 


<1.4 


CT-CRMgapR (1 Jig) 




<1.4 


<1.4 




cl.4 


<1.4 


I'/CT-CRM«,H (1 
W) 




<1.4 


2.8 


3.5 


2.0 


2.2 


F/CT-CBMRasH 


2.5 


<1.4 


2.5 




<1.4 


2.3 


F/CT-CRMb29H 

<0.01 ^9) 




<1.4 


<X«4 




<1,4 


<1,4 


f/aiqh 


2.4 


<1.4 


<1.4 




<1.4 


<X«4 
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TabXo 31 

Genaration of flyBtoaic Aati-RflV Ueutrali^ing 
Antibodiefl After IN Inmunijoatioa with. 
F Protein Foromlated with CS-OMAg^jm 



5 



InoRunogen 


KButraiivizigr 

' antibody 
titer{+C') 


Ndutralixiag 
antibody 
titer (-C) 


P/PBS 


<1.3 


<1.3 




<1.3 


<1.3 




2.3 ± 0.7- 


<1.3 


"FTCT-CKMngK (0*1 


2.2 ± 0-4" 


<1.3 


(0.01 (ig) 


<1.3 


<X.3 


F/AlOH 


2.0 t 0.3 


<1.3 


RSV A2 


2-3 ± 0,3 


<1«3 



•p < 0.05 coapared to F/PBS or F/CT-CSMaa,B (0.01 |ig) . 
p , 0.05 compared to P/CT-CaMa„ (0.1 M) , F/AIOH Or 
SSV A2. 

*p < 0.05 oompared to F/PBB or P/CT-CFMrtM (0*°^ 
p > 0.05 eompaxed to F/CT-CaMg^j (1 jig), f/AlOH or 
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Table 32 

Virus I»f ectivity of Lung and Masai TisBuft A£ter 
IN XxEsouaiaatioa with t Protein asd CT-C»«g,ra 





IiUng virtiB 
titer 
'(log^e loean i 
SD) 


tlaeal vinie 

titer 
(log^o mean + 
SD) 


F/PBS 


4.£ t 0.5 


2.7 ± 0.2 


CT-CMiga3„ (1 






P/CT-CRM„5^ (1 |Xff) 


<2.0 ± 0-1*'" 


<1.9 ± 0,1 ° 


P/CT-CSXBa„ 


ttt.S ± O.i - 


<l.d iD.l ^ 


TO) 


3.9 ± 0.7 


2.3 ± 0.4 


f/aioh 


2.6 ± 0.7 


2.3 t 0*4 


RSV 


<2.0 t 0.D3 


<1.0 i; 0.1 




4»fi ife 0.1 


3.4 ± 0.5 



*t) < 0,05 doa^^ared to F/PBS, P/CT-CWdttw <0-^i Pff> ' ^T- 
C«M»a9H or naive, p > 0.05 eoroared to F/MOH op MV 

> 0.05 eonipared to ?/CT^CS}A^^^ (0.1 Jig). 
10 ^ < 0.05 coaipared to P/CT-OBMg„„ (0.01 Jig)* P/PBfl, CT- 

CiEWgjga or naive, p > 0.05 compared to ff/CT-CRIljjtK ^^-^ 
Jig), P/Aloa or RSV X2. 
^ < 0.05 ctu^pared to F/PBS, F/CT-CBM^bh (0.01 Jig), CT- 
CRMgaaa naiv«, p > 0.05 oooparcd tp F/CT-CfiMgaj^ (1 
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^lg) , V/lilaSi or RflV X2 . 

Th« Inttune Reaponaaa of Mice InfflunlBad with Botavlnxfl 
5 aEEnahlnaAr- ytrufl-Lika PaXtiiclftfl 

Bpodopteta. truffiperda (af-9) celXa (toarioan 
Type Culture Collection, MaaaBBas, VA) were maintained 
in SF-900 II aerwa free jnedium (aiboo-BRl., Grand 
10 island, NY) , a£9 cells were co-in£eotad with 

recombinant baeulovirua eonfltruoto expreofling VP2 and 
VP6 genea froa Simian rotavirus atrain SAll (33) . 

Releaaed 2/6-VtPB were purified from the 
growth TOdium of thaae infected 8f9 cells as roiiowB. 
15 The caXla wera clarified by centrifugation at 830 x g 

£or 30 ffliautea at room ter^eratura. The eupernatanta 
wore then further clarified by oentrlfugatlon at 800O x 
g for 30 ninutes. VLPa were purified from the 
BupematantB by eentrifugattion twice through 35% 
30 ducroae in TOC buffer (10 w» Trie, 140 iM SaCl, 10 nx 

CaCl, , pS ».0) at 965O0 x g for twe hours, then 
suspended in TOC buffer and stored at 4»C. Purified 
V^Pa ware analyaed by 8BS-PA8E, followed by silver end 
Cemttaaeie brilliant blue staining bo deteraiae purity, 
25 western blot analysiB to analyse prcteia oosnpoBitioa, 
electron ailaroacapy to determine integrity of the 
particles, and BCh protein aeaay to measure total 
protein concentration. 

CommaBBie brilliant blue, silver staining and 
30 western blot analysis o£ purified a/6-VI* confirmed the 

presence of VSa and VPS proteins, as well as their 
purity and inmxunoreaativity with apecific aoaoelonal 
antibodies. Purity of VI*a was estimated to be about 
dS% from the band inteneitiea on the gels. In 
35 addition, electron aicroacopio analysis of these 
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imrified 2/€-VLVb confinned their aorphological 
integrity (data not nhawxi) • 

Hicfi wore isanimieed aa folLowa. BALB/o and 
CD-I miae used in thifl study wero purohassd Cram 
5 Charlee River Iiahoratoriaa (Storeridge, KIT), bred in a 

rotaviruB-free environment. Pour week eld SALB/o »ioe 
were iiiiraaiii»6d twice on week 0 and 2, eithar orally 
(n«4) or IJJ (n=.5, n=4) , with 100 and 10 w of a/e-VIiPfl 
respectively; eaah dcae was formulated with 10 |ig pf 

10 CT-CRMBasa- A third group of BALB/c »ic© (n=4) received 

2/6-VLPe with CT-C«M.„K followed by an oral booater 
inunoniaation (i.e., mixed group) • Control mice in thia 
^poriaitnt '^srs isss^^ised with CT-CRMejsa (n«^10) , IX imi 
buffer (no5) or 2/fi-VLPa plua IX TOC buffer (a=5) . 

15 fiaoh mouae was immunised IN with 20 Jil of inoculum, 2 

^1 at a tima, into alternating nares at one minute 
intervals, flenia and fecal aaaipleo were collected from 
all aaiiaals on weeks 0, 1, 2, 4, 6, B, 10, 13 and the 
levels of rotaviruB-speciflc eerum IqQt IgM and IgA 

20 a&tibodies produced, as well aa fecal igCS and IgA, were 

determined by ELISA- The oeruta antibody reeulfea are 
presented in Figures 10 and 11; the fecal antibody 
raaults ore presented ia ffigure 13. Week 13 serum 
eamples were used to detetmine Igfll and XgG2a 

25 flubclaaaoB. The antibody aubclaaa results are 

presented in Figure 12. 

Pre- immunization sera diluted 1:100 and 1:2 
dilutions of pre-linmuniaatlon stool aanplea ehowod no 
reactivity in ELIBA. Bora and stools from controls 

30 receiving only TOC buffer or CT-CWtcjia wore analysed in 

parallel, the control groupa showed no rotavirus- 
specific servm or fecal antibodiea throughout the 
atudy. 

Pour weak old CD-I mioo wem immunised three 
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tiaefl orally (n=4) or IN (ae4) on weeka 0, 2 and 13 bb 
above wing ^-O^tsn ^« adjuvant. A control group 
(n=2) received Cl-CWrxss aloae. Serum and otool 
aas^lea were collected on weeks 0-9, 11-14, 2e~2B and 
5 the levels of rotavirus -epec if ic eerum and Cecal 

antibodies were determined* 

For detection and quantification of IgO, XgM 
^hA igA in etool and scrum Boaples, 9G-well polyvinyl 
chloride micro titer plates (Dynex Tecbnologicfl, 

10 Chantilly, VA) were coated with a hyparliinmuxe guinea 

pig anti-SAll rotavirus serum diluted in phospbate 
buffered ealine (MS) and incubated at 37**C for four 
hours, or overnight at room tei^perature. the plates 
were then blocfced with 5% BLOTTO (S% w/v nonfat 

IS powdered ailJc in VBB) at 37*C for two hours. Suspended 

Stool saB5)les were diluted lil in 1% BLOTTO and added 
to the plates. Hie plates were then incubated 
overnight at 4"C, after which they were washed tbree 
times witfh TNC buffer plus 0,05% Tween" 20 (TSC-T) . 

20 Rabbit onti-rbeeus rotavirus hyperiamune serum was 

diluted in 1% BW)TTO plus 2.5% normal guinea pi^ serum 
(NflPS} and added to the plates for one hour at 37 "C. 
The plates were then washed throe times with TUC-T. 
Horseradish peroxidase -conjugated goat anti -rabbit IgO, 

as igM and IgA (Kirkagaard and Perry Laboraborieai 

Gaitbersburg. MD) was diluted in 1% BLOMO plus 2,5% 
HOTS and added to the plates, which were incubated for 
one hour at 37'C. The plates were then washed four 
tiaes with TNC-T. TMb substrate {Xirkegaard and Perry 

30 CiaboratoriaB) %faa edded, and the color reactions 

produeed were allowed to develop for seven minutes at 
room temperature. The reaction wes stopped by the 
addition ot IM phosphoric acid. The OD was detersained 
at 450 nm using a micro-plate reader (biO^teK 

35 instrument, Winooski. VT) - Maasurements of 0.1 above 



21 Aug. 2000 16:49 



Mo. 5075 P. 33 



PCTAJS99/22520 

WO 00/18434 



105 - 



the Jjlanfc were considered BigaificBuat- SAll stock 
viruB was diluted in 1% BLOTTO and added to the platee, 
^ioU were then incubated overnight at 4»C. The plates 
were washed three times with TNC-Tj thereafter, atool 
5 Bangles diluted Is 1 in 1% BLOTTO or serujn saroles 

diluted serially in It BLOTTO ware applied* As a 
negative control, duplicates of stool sanples were 
added to a well with no ant i- SAll antibody coating. 
The plates were incubated for two hours at; 37 and 

10 then washed three tines with TNC-T. Peroxidase- 

coaju^atad goat anti-mcuBe IgO, IgM and tgA were 
diluted in 1% BLOTTO plus 2.5% NdPS and added to wells; 
pcroxidaae-conjugated goat anti-mouee IgA+lga+ISM(K+li) 
antibodies were similarly diluted and added to wells 

15 for pre-imntuniaation antibody detection. The plates 

wore incubated for one hour at 37 ♦C and then washed 
four times with TNC-T. The plates were developed as 
dOBcribed above for the antigen detection &LXSA« The 
ELISA protoool used to determine XgO subclasses was a 

20 modif loation of the protocol described that ea^loyed 

HRP-labaled rat (monoclonal) anti -mouse IgGl and IsG2a 
as the secondary antibodisB (Biosource International, 

CamarillOr CA} . 

An immunohistoohemical assay, described by 

25 Iflhida et al (49) , was modified and used to detect 

onti-rotaviral VP2 and VP6 antibodies in the serum of 
mice immunised with 2/6-VLPb, Briefly, early log phase 
Sf9 cells in shaker flaekB were seeded into 96 well 
tissue culture plates at a density of 2.5 x 10* 

30 cell/well and then incubated one hour at room 

temperature (RT) . fiubseguently, cells were infected 
with recoB^inant baculoviruses eneciding VP2 or VP6 
genes at a multiplicity of infection of 10, and the 
infection was allowed to proceed at 2«*C for three 

35 days. The culture medium was then discarded, plates 
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were dried in a vacuum ouen at M for one hour and 
fixed with 10% foxmaliji (37% £o«nald«hyde solution 
containing 10-15% methanol; 3iB«a) in PBS at W «or 30 
fflinutea. Cella w«re ouboo<iuentlY parmeabliaed with 1% 
Triton X-100 {BigmB) in TMC buffor at BT for five 
minutea . 

Eaah oat of infected collo e^giresaiiiflr the 
designated rotavirus protein waa exposed to pr«- 
challanae or post-immunisation aerum from each BALB/o 
or CD-I nwttfle, followed toy iaiBunoBtaining. Mouae aerum 
aaaplea wera aerially diluted in PBS with 5% FCfi. 
Saiqplea were added to the wella and the platea were 
incubated at 97 'C £or two houra. Plates were then 
washed four timaa with PBS. Soraeradiah peroxidaae 
iBbaled goat anti-mouse Xgd. IgM or igk antibody 
(rirkegaard & Perry Laboratories) waa added in PBS with 
5% fCS, and incubated at 37 'C for one hour. Stained 
callB were detected with 3-amino-9-etbyl-CBrba«ole 
flubatrate (ABCJ iBigma) after washing the walla twioe 
with PBS. uninfected 8£9 celXa. BBtim txem uni»«mlaed 
nice, and pra-imauniaation aera from lamamiaed mioe 
were used as negative eontrola. Monoclonal antibodies 
againat VP6 (7D9. 5B6) and VP2 (BP2) wore used as 
poalcive controls (SO] ■ 

Ttoianomiaed aniaala and thoaa inmuniKed with 

2/6-VLPb were challenged by gavage with 10 SUso "f 
wild-typa murine EDIM rotavirus (51) on weelt 26 (CD-I 
mice) or on week 13 (»&LB/o mice) . The titer of KDIM 
strain was determined aa ahedding dose 50 (0Dbo5 » the 
30 dose required to induoe fecal viral phedding in 50% o£ 

adult nice. The trypsin- activated challenge virus (100 
^1) was adainiatared following oral administration of 
100 Hi of 4% sodium bicarbonate solution to neutralise 
gastslc aoidity. viruses were diluted in M199 madia 
35 (Irvine Bolentifio, Santa *na, CA) and activated with 



ao 



21 Aug. 2000 16:50 



No. 5075 P. 35 



PCT/US99/22S20 

WO 00/18434 



- X07 



10 of trypsin stock (1 ag/al) (Siflaa chaaloal Co* 
St, IiOuiB, MO) per na of viral flcock solution. 
Following challenge, stool aasjilaa wera colladted from 

all aaiaalfl for 9 days. 
5 Rotavirus antigan shsddtng in feoal saaqplBB 

vas maaeurad by ELISA and expreoBed as net optical 
donaity (OD) valuaa, i.e., OD of tho poot-challenga 
fecal Baa?>le minus OD of the pre-challenge sai^ple from 
tha same mice. The area under the shedding durve for 

10 each anirol was d^texmned and tho percent reduction in 

antigen shedding (PAM) for each anlaal we calaulatad 
by cojBparing the area under the curve for each animal 
to tho mean area o£ the control group. Tho Man PRXS 
was then calculated tot each iimmtoiaed group. Only 

15 PBAS levela above 50% were considered protective* The 

zresultB fiuce preaented in Figure 14. 

Statistical analyses were performed with SPSS 
for version 8.0 for Windows (SPBS, Inc., Chicago, 11..). 
independent t tests were used to coapare pra-challenge 

20 geometric mesn titer values and to coapare PSM between 

groups. Ut> to three digits after the decimal point 
were considered in calculati^ig P values (0,000=0). 

25 Increasing the Expression of CT-CRHosh 

>yH.^^^,;Th T^ flff Of an Ary^lplnoge Tnrtnrlblft VXP^^^ 

The construction of the arabinoae inducible 
systOT was M follows t PCR primers were syntheeiaed to 
30 eapliGy the toxin encoding bicistron from pIlMSK- 

Primer #1, Forward Mhols 5'- 

CTTTTTCCMTAaCATGOAaGW^aATO AGC-3' (SBQ ID WtB) $ 
Primer #2, CX29 Reverse fflndlll: S'- 

GCAG0XC0AMCTTGCA.TG»TTTaQCK;-3' (SEQ ID K0i7) . The CT- 
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CR^MSK encoding PCR fragmant wae oloned 

into pBADlB-Cm uoing th6 endonucXeaflo aifcee Nhel and 
Hindi JI, reaultlng In construoc pCTlfl. thm etxB (V. 
cholerae 2125) gene from pCTlS was ramcnred ueing Clal 
S and Hlndlll and replaaed with a similar fragment from 

plaemid pKGJl42 wMch was shown to cmcode a ctxB gene 
from V. cholerae etrain 569B. The rcoulting construdt, 
PPX7490 encodes ths CT-CRM«m and otxB genes from 

etrain 563B under control of the arahinaae promoter, 

10 and has the IiTiIb-B leader sequence* 

Protocols for the large scale expreBoion and 
purification of CT-CR«,35b vera developed and are as 
follows: 3Ii fluted Fernbach flaeka ware used, with IL 
per flask of Hy-Say growth media (per liter: Hy-Soy 10 

15 g; yeasc extract 12.5 g; sodium chloride 5 g: sodium 

phoBphate, monobasic 3,3 gi eodium phosphate, dibasic 
13,1 g). yor Btarter.fltoolt preparation, 20 jig/ml 
chloraaqphmicol and 20 ml of sterile 50% gluooae were 
added to one flask (1% final glucose concentration) . 

20 The flask was then inoculated with 300 llX DH5a 

transformed with pPX7490, -70*C froaen stock. The 
flask was incubated at 37-C with shaking at 200 rpm 
overnight. All growth media to be used the following 
day was prewarmed by shaking overnight at 37-C at 200 

25 rpm- The following day, a lt40 dilution of the 

overnight culture was made into ny-Soy growth media, 
supplemented with 20jtg/»l ehloraniphaniool and 10 x»l 
sterile glycerol (1% final glycerol coneantratlon) as a 
oarbon source. This culture waa outgrown at 37«C to an 

30 ODsw ot 4.5-5.5 in Fembaoh flasks (or higher in a 

bioreactor) • The culture was then induced with 20 ml 
L^Arabinose (0.5% final conaentration) and allowed to 
incubate for an additional threo hours. After a three 
hour iadudtion period, the majority of toxin wae cell- 
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acpociated. Cells were harvested by eentrifugation and 
tha pellet reauflpended into 10 inM NaPO*, 1 bM aD» (pH 
7.03 buffer at 9% of original culture volume. The coll 
suBpenslon was mechanically disrupted through a 
5 microf luidiaser and centrifuged for ton minutes at 

8500xg to remove cellular debria. The cellular lysata 
(flupemataat) was further clarified at 42,000 rpm for 
one hour in a 4STi rotor, 160,000xg ^. The clarified 
cell lysate was loaded onto a oarboxymethyl (CM) - 

10 Bepharose^w coluaai (Pharmacia) equilibrated with lOxnM 

KaPO, CpH 7.0), Approximately 300 ml CM-BepbaroBO™ 
waa used per 10 liters of culture volume. The cell 
lysate wae loaded onto the column at the rate of 0.102 
em/aln {2 Bil/fflia) . The column washed extensively 

15 with 10-15 column volumes of 10 uU NaPO^ (pK 7.0) at 

0.255 cm/min (S ml/min) to remove contaminants. The 
CT-CHiiBaj^ holotoxin was eluted with four column volumap 
of XOmM NaPO, (pH 8.3) at 0,255 cm/min. The CT^CM^^^^ 
containing- eltiate was buffer exchanged by filtration or 

20 dialyaed against PB8, then stored at 4«C. 

The Immune Responses of B&LB/c Wiee lamuniaed 
with Plasmid DNA Encoding the Pull Length 
25 qiYCQt>rot Q i« ^ p of Herpefl g implex Yir^fl TyrtfL^ 

Bix to eight week old female BAI.b/c mloe wore 
Immunised with plasmid DMA (pDMA) encoding the full 
length glycoprotein of herpes siioplex virus type 2 
30 (gD2) (the plaomid containing the gD2 gene is deacribed 

in Pachuk et al. (40), which is hereby inoorporated by 
reference), formulated with 0.25% bupivacaine, and 
adjwvantod with wild- type CT, CT-OTWn9« or no ad j want. 
Animals were given a secondary Imnuniaation tbree weeks 
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following the primary and outhaniaed tw waeJtfl after 
the last ixjj action. protocol for inimuniaatioix was 

as follows* 



Group 


Route of 
Delivery 


Cone, of 
Plasmld 


Cone, of 
Adjuvant 


VolUJKQ 

Injeatad 












Kou0e 1 


ID 


50 \ig 024 


50 }ig Ct-CRMc35g 


10 \il 


Hiouse 2 


ID 


50 024 


50 \Lg CT 


10 M>1 


Mouse 3 


ID 


50 \ig 024 




10 \Ll 


wouse 4 


IM 


50 fig 021 




100 fil 


»0U80 5 


ID 


SO |ig 023 




10 ^ll 



024 - pDHA including gD2 gener 023 « pDN^ backbone 
without gP2 gene inserted 
10 ID = intradermal J IM - intramuecular 

Group 4 aerved as a positive control) Group 5 served as 
a negatiHre control. 

A proliferation aoaay wan conducted as 
15 follows: 1X10* spleen cells were cultured in the 

presenee or absence of 300ng/al of gD2 protein in 
conplet© RPMi media with 10% ?CS, After four day0 
incubation at 37"C in the prasenoe of 5% C0„ cultures 
were pulsed overnight with *[H] , 'HI incorporation 
20 wan measured oxi a beta oounter. The counts were 

reported aa SI (stimulation Index * counts in preaenoe 
of antigen atiimilation divided by counts in absence of 
antigen atimuUtioa) • The results are presented in 
Table 34. 

^5 An EXilSA was carried out to measure the 

antigen- specific humoral responoQ in sera and vaginal 
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mahes. Briefly, 96 well flat bottoijt platea (Maxieorb, 
Ktrnc) were coated overnight at 4-C with purified gDS 
protoin at a aoncentratioa of 0.4 ^gfl/ial. The platea 
vere wflhed three ttmee with PBS and hloafced with 4% 
5 B6X for one hour at raom ten^ierature. yifty 

mioroliters (lilOO dilut^ion) of Boruiti oamplco or SOfil 
of vaginal wash senile was addod to tho plate. After 
incubation for one hour for aera and overnight at 4*^0 
for vaginal waah, the plates were washed with PBS five 

10 times, and a 1:3000 dilution of peroxidaee- conjugated 

anti -mouse ig (Sigjna, St. LOttis, MO) waw added and the 
plates incubated for one hour, the platciH wera washed 
with P5S before adding the aubstrate 3.3',5,5'- ' 
tetramethylbensidine (TIO}-H,0, (Biotocx, aouston, TX) . 

15 color was allowed to develop for 30 ninutaa befora 

reading at 450 nin on e lU. xaioropiate reader 
(Molecular Deviooa, Sunnyvale, CA) . The raaulte are 
preeented in Table 35 (aera) and Table 36 (vaginal 
washes ) • 

20 Cytokines were measured using a standard 

ETiISA ua described above. Plates were suitably coated 
to capture either IL-5 or gamma interferon from 
supemAtants from 24 hour or 72 hour old gD2.atijnulated 
cultures respectively. The results are presented in 

25 Table 37. 
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Table 34 

gl32-Speci£ic Cellular Frollferatlon 
Response (SI) After Adxalnidtration o£ 
pDNA for KflV QfD2 with CT or CT-CHM,,„ 



Group 


ID 


IS 


ID 


IK 




CT 


















MouBd 1 


6521 


28826 


24fi96 


30949 


House 2 


9641 


1S76Q 


30249 


26159 


Mouse 3 


32078 


25558 


12473 


35366 


MouBe 4 


28792 


19023 


7092 


5151 


Mouse 5 


1248S 


22510 


14702 


30790 


Aveirage 


17904 


32335 


15042 


25683 



10 



Table 35 

gD3-Bpecific Huxaoral xeepoaee (»g/ml) after 
Administration of pDSh HSV gD2 with 
CT or CT^CRM^flH ^ S^ra 



Oroiip 


ID 


ID 


ID 


IM 




CT 


















HOUBG 1 


-27 


606 


518 


932 


Mouse 2 


-15 


1387 


1547 


1315 


Nouao 3 


333 


33 


113 


430 


Mou0e 4 


582 


755 


688 


108 


MOU^G 5 


3 


206 


13 


234 


Average 


175 


598 


S75 


604 



15 
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Table 36 

9D2 -Specific Bumor&l ReapocLfle (ng/ml) After 
Admi»i0tration of pDIlA USV gD^ with 
CT or CT-CRMj2SK ^ Vaginal Washes 

5 



Group 


ID 


ID 


ID 


XM 




CT 


















Btouee 1 


a 


0 


69 


374 


Mouse 2 


a 


224 


0 


ise 


Mouac 3 


0 


14S 


0 


83 


Mouse 4 


0 


0 


347 


0 


MOU0S 5 


0 


-49 


0 


0 


Average 


0 


70 


54 


112 



Table 37 

gD2 -Specific Cytokine JSX^XfiA Profile (pg/ml) 

10 





024'^ 


034-f 


"024 


024 


023 




CT 


CT-C»Mkj91i 


ID 


IM 


Con- 






ZD 






trol 




1597 


1751 


136 


716 


505 


IFH 












XL- 5 \ 


63 


209 1 


9 


368 


16 



i 
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What is alaimed id: 

1, An antigenic ccm^osition conpritfia? a 
aeleQfcfid aatig«n from a pathogenic bacteriwr virus, 
fuaguB or parasite and an eftective adjuvanting aaount 
o£ a. mutaxit cholera holotoxin^ wherein the holotoxin 
haa reduced toxicity compared to^4 -vild-type cholera 
holotoxin and baa a Bubetitutio^ oth^ than aopartic 
aoid for the glutamic acid at posi t i o n I fi o f t he A 
aubunit o£ the cholera holotoxin. wherein said 
holotoxin enhances the inusune reaponae in a vertebrate 
hoat to said antigen* 

a. The antigenic coD|>ofiition o£ Claim 1 
comprieing more than one antigen* 

3. The antigenic compoeition of Claim 1 
i^rein the amino acid at position 29 ie histidine. 

4. :ilie antigenic compoeition o£ Claim 1 
Where the selected antigen ia the Aacmophilua 
influeavae P4 outer membrane protein, the SaemophlluB 
influenzae P6 outer membrane protein/ the ifaemophiluff 
influenzae adherence end penetration protein (Hapg), 
the Helicohacter pylori urease protein, the Ueiaaeria 
meningitidis Group B recombinant clads 1 pilin 

(rpilin) , the Neisseria menlngitidiB Group B claea 1 
outer mambrane protein (PorA) , the reapiratory 
syncytial virus fusion protein, a rotavirus virua-like 
particle or the herpes sin^lex virus CKSV) type 2 
glycoprotein D (gDS ) • 

5. mie antigenic compoeition of Claim 4 
where the delected antigen is the Haemophilus 
infln^Ma P4 outer membrane protein, the Haemophilus 
influensae P6 outer membrane protein, the Haemophilus 
influ&nsa& Hapg protein or any combination thereof. 



23. Aug, 2000 16:54 



No. 5075 P, 47 



wo 0Q/1&434 PCtAJS99/229U 

- 1X9 - 



6. The oatigenic costpoBltian o£ Claim 4 
Ktiere the oeldoted antigen ia the HQliaobAat^r pylori 
urease protein. 

7« The antigenic: eooposition of Claim 4 
where the eeleoted antigen ia the NaiBBerisk 
meninffltldiB rpilin^ the UeiBaerla meningitidiB PorA 
protein or a aoaihlnation thereof. 

8. The antigenic cosiposition of Claim 4 
where the delected antigen is the respiratory syncytial 
viruB fueion protein. 

^e antigenic coxnpoeition of Claim 4 
where the selected antigen is a rotavirus virus-like 
particle. 

IG • The antigenic campoBition of Claim 9 
where the virue-like particle ia a rotairirus 3/G*virus- 
like particle. 

11, The antigenic aompoflition ot Claim 4 
where the selected auitigen is HSV gSS* 

12. The antigenic composition of Claim 11 
where the antigenic congpoaition is a polynucleotide 
vaccine cosBprising plasmid DNA encoding HSV goa. 

19, The antigenic oonposition of Claim 1 
%^iieh further eoaiprised a diluent or carrier. 
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14. ^he antigenic coinpoBibioji of Claiw 1 
which farther aoBtpriaefl a second adjuvant ia addition 
to the mutant cholera hoi o toxin. 

15. The anti^anic composition o£ Claim 1 
wherein at leaet one additional mutation is mode to the 
A dubunit o£ the cholera holotoxln at a position other 
than amino acid 29. 

16. The antigenic camposition of Claim 15 
wherein the at leaet ono additional mutation ie made M 
a substitution for the arginine at amino acid 7, the 
aepartic aaid at position 9, the arginlne at position 
11. the hifltidinc at position 44, the valine at 
position 53, the arginine at position 54, the serine at 
poaition 61, the serine at position 63, the hlstidine 
at position 10, the valine at poaition 97, tha tyrosine 
at position 104, the proline at position 106, the 
hlstidlne at position 107, the serine at position 109, 
the glutamic acid at position 110, the glutamic acid at 
position 112, the serine at poaition 114, the 
tryptophan at poaition 127, the arginine at position 
146 axui the arginine at position 192 . 

17 . A method for inoreasing the ability of 
an antigenic con^osition containing a selected antigen 
from a pathogenic bacterium, virus* fungus or parasite 
to elioit the immune responss of a vertebrate host/ 
whioh con^rises administering to aaid boat an antigenic 
composition of Claim 1- 

18. A method for increasing the ability of 
an antigenic composition containing an ifaemophllus 
influenzae antigen to elicit the immune response of a 
vertebrate host, which comprises administering to said 
host an antigenic easaposition of Claim 5. 
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19. A method for ix&dreaslBg the ability o£ 
aa antigaaic compositlba oontaixiing a Belicob^cter 
pylori antigen to elicit the imwune respwBG of a 
vertebrate boat, which concpriaBS adndniatering to eaid 
host an antigenic oompositian of Claiia 6. 

ao. A method for Increaaiag the ability of 
an antigenic coanpopitioa containing a KeisaeriA 
meningitidis antigen to elicit the lanaune reeponse of a 
vertebrate boat, which can^riaefl adminiflterinflr to said 
host an antigenic compoBitioa of Claim 7. 

21. K method for inereaaing the ability of 
an antigenic compoaition containing a respiratory 
syncytial virua antigen to elicit the iamimc responee 
of a vertebrate boat, which cos^riasa adsdni^terisg to 
said boat an antigenic coaapoaition of Claim 8. 

22 . A method for increaeing the ability of 
an antigenic cozi^oaition containing a rotavirus antigen 
to elicit the immune reaponae of a vertebrate bost^ 
which compriaea adminin taring to said boat an antigenic 
con^ioaition of Claim 

23. A method for increasing the ability of 
an antigenic ccdj^waitioa containing a herpea siaplex 
vlma antigen to elicit the immune responae of a 
vertebrate host, which comprises administering to said 
host an antigenic coac^aitian of Claim 11. 

24. A plaamid containing an isolated and 
purified DNA aeiiuenoe eon5)rii3ing a Wh segucnce which 
encode an immunogenic mutant cholera bolotoxln having a 
flubstltution other than aspartic acid for the glutamic 
acid at position 29 of the A subunit of the cholera 
holotoxin, and wherein the DNA sequence is operativoly 
linked to an arabinose inducible promoter « 
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25. A hoflt cell troxxfl formed, tranBduced or 
tranflf ected with the ploflmid of Claim a4 . 

26- A aathod of producing an imnninogeixid 
TOtant cholera holotaxia, wherein the cholera holotoxia 
has reduced toxicity oonparod to * wild- type eholBra 
holotoxin and has a BUbstittition other than aspartic 
acid for the glutamic acid at position 29 of the A 
Butounit of the cholera holotoxin, which coccpriDOB 
transforming, tranaducing or tranefecting a hoat call 
with the plasmid of Claim 24 and culturing the host 
cell under conditions vAich permit the oxprofioion of 
eaid recojiibinant imniinogenic detoxified protein by the 
hoBt cell* 

27 • tJee of effsctiv© adjuvantii^ csTiOvat a£ a 
mutant cholera holotoMin, wherein the holotoxin has 
reduced toxicity cos^ared to a wild-type cholera 
holotoxin and has a aubstitution other than aapartic 
acid for the glutamic aoid at position 29 of the A 
oubuoit of the cholera holotoxin, in combination with a 
selected antigen from a pathogenic bacterium, virus, 
fungus or parasite, to prepare an antigenic 
con^ioaition, wherein said holotoxin enhances the immune 
response in a vertebrate hoat to said antigen. 
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